The Classification Problems of the Naiwa Soil Family by Silva, Camillus
THE C L A S S IF IC A T IO N  PROBLEMS 
OF THE NAIWA S O IL  FAMILY
A T H E S IS  SUBMITTED TO THE GRADUATE SCHOOL OF THE 
U N IV E R S IT Y  OF HAWAII IN P A R T IA L  FU LF ILLM EN T 
OF THE REQUIREMENTS FOR THE DEGREE OF 
MASTER OF SCIENCE 
IN S O IL  SC IEN CE 
JANUARY I96l5^
By
Cam!I I us S i I v a
T h e s i s  C o m m itte e :
D r .  G .  D. Sherm an, C h a irm a n  
D r .  G o ro  U e h a ra  
D r .  G o rd o n  M a cd o n a ld
'■ ■
TAILB C » C50NTBNTS
■ ";■■
p » « «
ABSTRACT  ...................   t
INTRODUCTION  ............................   I









V Tha MtaMWlOfiMl Propartiaa
OUiMrtBttta H ttfm tl Analyalt 
X -R«]r DUEmctlM StudlM 
 ^Mknro>nioipiMrio0 e«I SUKlittf
RESULTS . . .  . . . .  ...............     . 23
Wat Chun teal Aaaljrlie 
.OtI)«s.Cli»fiite4l mai fltfm m l l^ropentae 
- - .Mlaendoiieel PfopiftiM
D .T .A .
 ^-  X-R*y
Micro -morphological 
Mo*i»elogteal DaecrlptiM
DBCUSSION  ..................   . .  , . .  . ; . . . .  85
Chamtcai and fbpiMaUi PfOfiertiaa 
M lam logleal Piopartlaa 
M oiptoioflcal Cteiadera
CONCLUSIONS  ..................................   99
REVIEW OP LITERATURE  ..............................................     100
LITERATURB CITBO  ................................................    104
 ^  ^  ^ \ ^
 ^    ....................
PIGURB
LIST OP FIGURES
- •... • V-;. ^ -t'
PAGB
OUltfviitlal Ttwnaal AmUjrtit of Holm Soxteo 
•oil profile from Molokai. Organic 
not mnovod  ..................   . •    64
2 lIHfCtroatial TbtroMl AnalyaM <a ttm Silt Practioiis
of PxofUo No. No>2>4..................................... 6S
S OifforontUl AnolyMS of ttio day Fxoctioiui of
ProfUo NOi No*3-4. .  ............................... 66
4 CNfCorootial Thtxmal AnoljnMO of tho SUt Practkma
of PxofUo No. Hi'2  S.  ...............  67
Diffoxoatiol Thtrmal Aaolyooo of ttw Cloy Proctiooo
of PxofUo No. Ho *2*5. . . . . . . . . . . . .  68
Olfloxoatiol Tbormol Aaolyooo of tbo Silt Proctiono
. of PxofUo NO'l 6 .....................  70
7 Difloxoatioi ThoiiBOl Aaolyooo of tho Cloy Pxoctioao
of PxoAlo No. No-1-6. . . . . . . . . . . . .  71
• Oiflixoittiol Thoxmol Aaolyooo of ibo SUt PxoctUHko
of PxofUo No. Hi-1>2. . . . . . . . . . . . .  72
9 DUStexoatiol Thofmol Aaolyooo of tho Cloy Pxoctioao
of PxofUo No. Ho-1-2. .  ............. 73
10 X-Roy OiffXactioii Patlomo of tho SUt Pxoctioao of
PxofUo No. No-2 4.  ...................... 74
11 X-Roy Oiffacoctioo Puiorao of tfao Clay PxoiftUmo <U
PfOlUoNo. No-2 4. . 73
la X R«y OlffMOtftBa Pfttttras of tte SUt Pnctiont
of Prom# No. Ho-a-S.......................................   77
19 X 'RayO lttnctlooRK itnoof tlioCloy Proctioiio
of PmUo No, Ho a 9. . . . .  * ................ 78
14 X'RoyOilffictliBa Ptttonuiof tiioSUtProctloiui
of PzoflloNo. No-1-8. . . . . .  ............. 79
19 X-Roy Dlttroetioo Ptoefno of ttio a « y  Fxoctkmo
of PXttfUoNo. No 1-8 ............................... 80
16 X Roy Ollfnetioo Ponorao of tte Silt Pnecun
of Piofilo No. H o-l-a............   82
FIGURE PAGE
17' X Roy IXttcoetioo POttonui of tho Pnetiooo




1 Ch«mtr4 j  A a>i|^ of N«tw» Strl— ProflU from
MoloiuU • No. NA*2-4 > . . . ;  • 24
2 Chomicol AnolyoUi of lliUnro Sorioo Profllo from
Moloiul - No. No-2-S . « :  .........................   25'.t
3 CTiwntcol A a i^ lo  of Noiwo Sorioo Profllo frmn
Mool • No. NA*1*S . . . . . . . . . . . . . .  27
4 Caiomtcol Anolyolo of Halowo Sorioo Profllo from
Moiil * No. Ho**l*2 . . . . . . . .  . . . . . .  29
5 Chomicol ond Phyoicol Proportfoo of Noiwo Sorioo
Soil Profllo from Mdakoi > No. No-2-4 . . .  30
6  Chomicol ood Phyoicol Proportioo at HoUnro SoriM
Sott Profllo from Molokol No. Ho-2-S . . . .  32
7 Chomicol ood Phyoicol Profioztieo of Holowo Sorioo
Soil Profllo Prom Mool. No. Ko-1-4.............  33
S Chomicol ood Plqroicol Proportioo of Holowo Sorioo
SollPraflloProm M oui. No. Ho-1-2 . . . . .  35
ABSTRACT
Vm  {NirpOM of tbl« invMCigidoa is to dtttrmliw tbs rang* of ctaaxactsris* 
d ct that hava baan alknaad within tha Naiwa family. In the Naiwa family axa 
indiKM thraa aariaa -  (1) Naiwa aaftea. (3) HaUwa aerlaa, (3) Ktmtwlaa 
aariaa. Of Oaaa thiaa aariaa tha laat stands out diattnctly. Aaaiich, ttw 
praaant study la concaraad with tha Naiwa and Halawa aariaa only. Ualog the 
axiaciag soil maps and baaad on tha currant coocapta of tiiaaa two aariaa. 
twalva aiiaa waradaacribad. Of tbaaa* air aaxa frmn tha ialand af Maui 
and six wexa from ttm island of Molokai. Half tha profllaa from aacb island 
belong to tits Natwa aariaa and dia raat to tha Halawa aariaa. jfudglag from 
naorphrioglcal cbaractara, six of die twahra iwofllaa wars aalactBd lor X>ray 
and O .T .A . analysla. Four of thaaa six wera aalactad for ehamieal. 
minaralogical and physical studies.
Thera are distinct morphological dilferancaa* as od or batwaan the 
Halawa and Naiwa aariaa. Tha Naiwa aariaa aoila haaa a Chroma of lOR, 
while those of the Halawa series tend to be towards iOYR. Associated 
widi tha od or dillaraaca, also, is a difference in Feg(^ and conomta 
betwaan tha two pxoHlaa, BcMh aariaa are charactarisad by an A horbsoo of 
P e ^  and TIO2  aceumulatioa. And dila tanda to ba more pronotmoad in the 
Naiwa aariaa. Bacauaa dila aail baa bean developed by aoil^forming i»rO' 
caaaea. which are quite aimilar to thoaa aaaociatad d th  tha formatlmi of
u.
ttm ”UtBrlte exttac*'» it may bt conclwlod thtt tibda la a CtueDno»Uti» aaqptence 
and that dma and paxant matarlal could ba tba factora that dclarmlaa the 
dagxaa daaalopcnaat. ft aaa alao noticad tiiat a vida ranga of chaxactara 
have bean alloead within tba Naiwa aaxlaa and tha aaxiaa could ba xafinad by 
tba introduction of anotfaar aarlaa which ia laaa davalopad than tha Naiwa 
aaxiaa bift moxedavalopad than tiia Halawa aaxiaa* Ito atetbax aueb a 
aapaxatloo ia nacaaaaxy and uaaAil in undaxatanding thaaa aoUa ia anotbax 
quaatlQn.
ft waa alao noticad that a aapaxation baaed on moxpbologleai ctaaxactaxa
f.,C *
doaaaot^(zaeftiUy wtthtecAamicalaanlyaia. Tbaxe ia a vaxy large ovax- 
I1 9  in cbamical {nopaxtiaa batwaau tha two aaxiaa ttiat ia aot obrlotta 
ia tba moxptaologlcal daacxiptiooa.
Tbaaa aotta could ba claaaifiart aa a ooo^lax ox tha axiatlng matfaod of 
uaiag moxphPloglcal cbaxaciaxa could ba uaad ia aapaxatiaf tha Natwa fxom 
tba Hdawa aaxiaa uatil a battax umtexatanding of tha ^lamical p r^ xtiaa  
and miaaxalogy ia xaachad.
j
1NTR00UGTI0N
Th« aoito of tte HnroiUn lolondo Iioto bora cIoMlflod, and acconUag to
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tba U.8 .O .A . aortea 1999 N025 of Sapcamter 19S5. aU land azaaa of HairaU
ara gro^iad into ttooa ardara «• aoaal. It^axooal and aaoaal aotla m  the
baala of factora c f aoU fcoawto that hava tnflaancad the aotl proflla* Each
■e ■ V
oidar haa baao mihdlvldad lato auhordara oa tha baaia of atdl propaxtiaa that 
aaam to zaflaet the domiaartng aoU formlog procaaaaa. Withta tha ordar zooal 
aolla, thraa aiibo(rdaz« haaa baao racognlaad: Tba lataaota; tha light cdourad 
•vO* of tha axM n ^ oaa : aad tha dark coloured aoUa of tha aaaal*a]dd aod 
aabtfaumld graaalaada* Badi auboidar Is d irltel grwK aoU gre^pa oo the 
baala of tha dl0 axaoea lo Idod and arraagan ^  of gaoacie horlzoos ia tha aolt 
proOla. Tha aubonter latoad ia aabdtvidad Into g n ^  aoli graqpa. 
i .  Low Hamic la to ^
8. Hwnie laioaol 
8. i^rdro^lhBBie laUNMl 
4. Httmic Farsdgiaoua lacoad•v‘ ,
Tha Nahaa faodly bdaqpi to tha Ikunlc PamigiiKJiia latoad gxaat aoti fptmp 
aad conqprtaaa d  tha Kunuviaa. Nahra aad Halaara aarlaa. The dtatiagoiahhig 
cherM M atta o f dw Haniic Farsitgiimia latoaol gfoi^  la the praaaaea of oao 
dlatiaet hnrlsoaa. Tbaxa ia aa A bortaoo which ta varjr Ugh la balk daoatty
<1.S to 2.0) pad with «  coaconrrttw  of h—ry m tn w li. Tho lowor borUoo ki 
o oory frtoblo B boritoo. A pnt tm m  tbooo two hotiaooo, tbmro lo o oImUcmt 
liqror of • mtxturo of mottod zoom . docompoood ingaMe manor aad a poxpUab 
allt loam aott. Aad M ow  tlw B Imrlxai la aolaqporotooa jpazoot auaerlal.
Tbo Nahra famtl|r la oao of tfaa twatlioa M oog li« to tbta groat aoU groap.
Tbo aofla of Mta fOatfly bava tlia moat iwoooouoed ooaomtraclmi of boavy mlaarala 
la Ilia appor pmrt of tba aotoo. Thay occar in tha lalaado of Maul, M Ookam d 
Oahtt with groat a m a  batag foiaid la M«tl and Midokai. Tboy ocour at aa 
olavatloorW abant 1960 to 4000 feat aad rooM o 45 to 80 Ineboa of ralafeU par 
yoar,
la tiko pcooaaa of a ftiniior aubdiviaioa of tba femfltoa iaio tba Kaamrfea.
Nalwa aad H aM a aarloa, importaaeo haa faooa laid oa tha dagroo of dovolopmant
of tba proOla. Tba aolla of tha Kaonviea aozlaa bavo a eamaatod, alagiiko maaa
' ’ 6 
of raalataat mlaarala aad la eoaaldorod tfaa aoaxoac approach to a "latarlta czaaT
obaorvod la tba Hawallmi lalaada. Tba Nalwa aoriaa baa tba oast boat davalopod
proflla aad tha KaUwa aarlaa la coaaidarod tba laaat davalopod la tba femUy.
la tba airtattag daamfleatlQa ayatam tba aaaantlal difteraooa that baa boon zooog*
M ad to aoparato fea Nalura fiom  tba Ifelava aorlM la that, la fea Halawa aorioa.
tboro la a Idgbar proportloa of elay-olaa pazttdaa la aU boarlxoaa. Atao. fea
coBcaaitratlea of baavy mlaarM  la aaaodatad with tba coaoaotrattoa of orgaalc
'5-:
amnar latbaKalaimaartaa. Sq;Mu»cloe of fee Hidami aorioa froaai tha Nalora 
aorioa baaad oa tbaao two charactora baa aot boaa too aatlafactory « mI It la fea
. \ 2.
pttzpoM « f thUi otodly to Had out owro propoitloo thot could bo uood ia o^iwrotfng 
tbom. For tMo puxpooo many ptoflloo woro dooexibod oad chomtcol, adaora- 
Iqgleal oad phyoicol proportioo w on dotonniaod. OUteroacoo, il aay, ia tiuMo 
proportioo Will bo oiqpxooood oad it would oloo bo poaotbio to oo|riaia tbooo 
ditfnroBeoo. Tbo otgamoaaoo of tbto work would bo tho roflaomoat of tfao two 
oorioo oo that tbooo bouadorioo could bo botior dollaod. Bocomoo tbeoo ooUo 
bo«o booa formod ooooartoHy by a prooooo of latorisottoa. if tbo family could 
bo dMdod ilM  oorioo oa tbo dogzoo of tho onoat of latorlsotioa. it would provo 
to bo e  uooM etady ter a elaooiacatioo of otbor tropical ooUo wbero tbere io aa
M-
acoMimilorloB of boavy miaorolo oo a "latarito cruor*.
AdETHOOS AND MATERIALS
SanwMag
AU tlMi M il aan^es ware coUactad iff ^  writar In tba praaanoa af O. 
Ooaald Sfaaman* C3>alnnaa of tba Oapartmaot of SoUa and AgxoaoBBy. Tha 
aamplaa wara coUactcd attbar Aeon fraahly>dng pita or from road*alda cata 
which wara claaxad at laaat two feat In* la order to minlmiaa coatamiaatloo 
of tha a ^ a o a .' Datallad daacripttona wara mada of tba profilaa. Tha 
aanplaa wara plaoad In plaadc baga aad traaqrartad to tha laboratory.
Sample Praparatloo
-■S' ■
B a^  BMmpiB waa air dxiad ovamlg^ at room tangmratura aad waa>• --- ; .
tiaartarad. Soooa cloda wara anvad. Each quartar waa again mined and 
quartarad. Thia laneiiBtad to about 10 grama and waa grouad la a mullita 
moiar imtU avarythiog paaaad thrmi^h a 100 maab braaa acraan. Thaaa 100 
maab BMsapkutt wara atorad la atopparad giaaa viala and uaad for Aiaioo aaalyaia. 
organic earbmt and particla daaudty dataitniaattona. The lemalnbqi tiagroimd 
aampla waa atarad la aa idrtlght Maaoo Jar.
Pour prolllaa wara aalactad for datatlad aanlyala.
Tbelr peeltlea with reiqwcl to tihe landscape wie reconied aad found com - 
paraUa. A mara datailsd daaerl^oa dm four profllas waa dana aad picturaa 
la badi color aad black aad wbtta wara zaaMvad.
s.
Tbo Ptiyticol PxopoztiM 
Bulk Doartty (w r t a t  ggodflc grovtty)
ThtaM tiiodtayi«voxm eloM l]rfoU «rod. Tte WMtghal (modol 69i) baUac* 
w aattaadaadvasm auM dtoM altfaacloda. Tht avaraga ^  the eloaoit two 
valuaa waa uaad.
E E S S llslH llfciesS aE JE S tiB i
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Tho tnathod by Richaxda at. al. • lor partlfila d«Mrtty dautnnlaatlcHi waa 
uaad. But tha aaaylaa uaad wara ol 100 maah. Tha aamplaa waxa air driad 
aad tba pantela daaatty oa aa ovaa dry baaia waa calailatad txmn a knowladga 
of tiia molatniw paxoaataga ^  tiia aanofda.
Stparatioa of tha Saad. SUt aad d ay  Practloaa
Tha nathod of Kihaar aad Alaaandar waa doaaly foUoaad. A aligbc darla- 
tioa waa Umx moxa dlgaaelOB had to ba dooa for aa appxa d ahla ramoval of
fi'-- ■
oxMmtc BWMr. Soma of dia flaar diqr Iractioa waa loot la tha paocaaa of lUtar- 
tag. and dlapaxatoa waa dm meat dtfftcalt part. Tha ^  at wMch two a^Jaomit 
hearlaeae dlaperaed ranged fXom 6.5 to iO.5. Dt^araloo waa aeeraDpllabad by 
maaaa of IN NaOH. Tha dlaparaod aampla waa oUmaad to aattla ter about 14
-.K;. ■ ■■ ■>' ■
houra and tha auapaaaton of day waa darantad off ap to 30 earn. Tha remaining
-  •. - -.i.', . . .
atlt fXaodoa waa aqmratad from any adhartag day by oaatrlteglag at 750 r.p .m ..'.s'-*
tor 4 mlantaa. Tha diqr Iraetlaa waa flocculaied by i^naana of INHCL aad dried 
under a tea la laxfo avaporatioa diahaa. Tha atlt fraotloo waa alM dried alml-V r
larty* Tbeee fractloaa were powdered la an UMnrtar and peede, paaaed
,vf --v;;
throtti^ a 100  mash atava and atorad la slaaa viala with aoraw-tjnpa atoppara. 
Tha aaad fracti<Hi waa ao aoaU tlua It waa Incozporated lato tha ailt fraction, 
la thla aaparatlon a partlcla dwatty of 2.46 waa aaawmad. But aonaa mlnarala 
praaaat had a higher particia danaltjr, Thla u d  poor dlaparaloa xaaultad la 
aoma of tha day alza iron and tltanhua mlnarala hali^ found la dm d lt fraction.
Tha Wat Chamtcai Aaalyala* 
and Loaa on toaltlott 
Abmit 0.4 grama d  air<>driad aaa^la ground to laM than 100 meah waat
placed into a thorou|hty elaanad and weighed 30 m l platinum crudbla and 
accurataly walghad on a Mattlar balanot. Tba crucible plua aampla waa placed 
in a biowar*aqa^fNad ovaa and allowad to dry ofvandgta at llO^C. Tha naxt 
morning, tha crudbla phia contama waa allowad to co d  for 10  mlmitaa la a
-i' ”
doaad daalceator contalniag dUca galdesiccant; te waa tihaa p ro o ^ y  walghad. 
Tha loaa la walgbt dtvldad by dw oven<drlad walgfat and multlidiod by 100 waa 
tha HgO-parcantaga ( «  an ovan-drlod basil.
Loaa on Ignition wna carrlad out w i^  axtrmna care. The pladimm cruclhla 
wldi ovaa-drlad aanmla, waa placid In a radiator made frmn a 2S0 nd nlckal 
ciucihla flttad Inaldo with a nlchromo trl«g la  adjustad ao that tha 30 ml plad* 
num crudhlo waa bald a maximum dladmoe frtnn dm walla and mid^way betwaan
*Thla mathed tollows that of Dr. Janma Walker aa given In faia unpudlalmd 
Fh.D. Theala, widi dlght modiftcadmia.
tha top rtai Md botton of tte alckal radiator. Tha radiator waa ptaoad ia a 
widapad. dgfac*flttlag. aicbrana txiaai^ aad d m  oom aa t>tacb-M|d* tripod 
ao that tha fauar eeaa of a OaiM from a liutaaa hamar could ha adjuatad to 
coma within oaa inch on tha radiator'a bottom. At flxat. tha aaaopla waa 
baatad ia tha radlatm: for S adaniaa; d m , tha idchal coaar waa plaead oa tba 
raddaior for 10  mlautaa. Iha parta of tha ionar alcfarooaa trlaagla bant ovar
tha aidoa of tha alchd crucibla aarvad to alavate tha covar about 1 /1  indti ao
that a canrtaHad aupply of air waa aaaurad. After dda, dw ^ atlaaw crudybla 
pIna aawpla waa ignftad atroagly over a Flabar buraar for 10 mlautaa, firm 
wUhaut a oovar d m  for 8  mlautaa with a oovar; codad hi a daatocator for 
axamiy 10 mlautaa aadproopdywaigbedoaaM atdarbdaaca. Thatgaftkn 
waa rapaatad far iO>miauta parloda uadi CMUitaat waigfat waa achiavad: uaually 
two igaldooa auffioad. Tha loaa la watgbt dtrldod by tba ovan-drlad walgbt of 
the aampla aad imiltlpUad by 100 waa the parcant loaa on ignition.
Fudoa of UmUm aad Datawdpgttiw^^ilPa
1 Oram of aobydroim Na2^3 piaoad la tbo piartamn czudbla and mlaad 
tfacnrougbly with tha aample uatng a email glaaa atirrlpg rod. All graina adhering 
ta tha rod ware carahatly brudiad baole inao tha crueiida with a aaoali camala* 
hair bniah. A law eryatala of KMO3  ware placed with aanqilaa contdnlpg a large 
amouat of traa ia a r ^  to h ^  pravad tha raduedoa of tha iron and fta poaaitale 
aiwalgumadon with the pUdnum. Than the crudbla waa filled widi anhydroua
Tha plattnmn eaaar waa placad « i  tha eiucibla aod waa haatad with 
tha atroagaat buaaaa flaaaa imr 10  miautaa. UaaaUy tha NagCDg waa mdtad by 
tbla tUaa. bat aangdaa coataiaiag larga amomta of ahiminuin would not fuaa 
aatiafaetorUy « thia caa^aramxa. Whn violaat bdihliiig had atoppad, tha 
orueUala waa plaoad oaar tha flame of a Plabar buraar for about IS miaataa. 
After thia. tha flame waa xwmoved, the crueihla cover taken off and plaoad on 
a olaan poroelaia aurfaca and tha ftiaad malt gaody awirlad ia the czudMe 
over the flame la ordar to fuaa any graiaa i^aafaad on the aidaa. The orueibla 
I r a s  awirlad aa tha malt oootod la order t o  form a aq»>afaapad cahe, and tb«a 
allowed to oompiataly coot la thb thoroughly •claanad parfortfted poroiflala plate 
from tha daatccaior. Moat Mkea, la^actioa of the cooled cafca aaamad to ahow 
that the aaiapia waa not coo^lataly foaad. TMa, howavar. proved to be more
V •  ^ f
apparaot tbaa real, for the eaka and ftiaad aampla diaaolvad complaiely durlag
. -f:
the aaact atop. Froloogad ftiatoa for longer parloda waa Mwaya avoldad, for 
with vary forrnglaoua aamplaa It almoat Invariably lad to aarloua Iron-platlmim 
amalgawafton. Tha c n ie l^  cover waa turned ao fliat the few apatxmn adberli^ 
to It fooad upwarde, aad It waa held over the Plofaer burner flame uatll aU 
parttdaa ware luaod. Tha cover wae then ^aoad lato a 250 ml pyraa beaker. 
Tha cooled cruclbla waa roUad and praaaad batwaao the flagara until tha ftiaad
--i ' • .
cake looaaaad. Than tha leoaanad caha and cruclbla wore placed Into the 250
t,
ml haakar: 2ft ml <rf(ltl) HCl ware added and tha baakar waa caraftiUy eovarad 
wifli a wwtch gtaaa.'*^  Whaa avdltttioa of OO, alowad, another 10 ml af (1:1)
J . • ■*. j> . *
I.
f .
HCI WM addod, fotlowad fay two 10 ml additloaa of coocontratad HCl, and tho 
caka waa complattdy dlaaotYod. Tha baakar waa placod oo a hot plata at a 
tamparatura balov 100®C. and allowad to boat until tha yallowlah cloudy adu- 
tioo claaxod and bocaaM darktr. M  tlda point, tha beakar waa ramovod from 
dw hot ^teto. tiw watch glaaa waa throughly w aaM . and tha platinum cnicifala 
aad covar wora raroorad uatag a rutabar pdUoamaa. Upon tamoval. both wara*r- .
tbooraugbly d a a ^  and waafaad whtla baing bald abova tba baalwr* All of tha 
waabinga want into tba baakar. Tha crucible waa inapactod and. if aacaaaary, 
haatad wttb a tow dropa of <1»1) HCi to diaaoiva aay calm ramaiaiag. Thia 
poitloa waa alao retamad to Iho baakar. Tba cnmlfala waa baatad to (faryaaM 
and aat aaida wittaout daaatag. Tba £10 ml baakar with 1»  cootaata waa la - 
tnraad to tba boc ptata la a vaatUatod bood. ceinRad wldt a flmad watch glaaa, 
aad tba eootanta allowad to ovaporma at a tamparatora balow 100^ .  Wjunij, 
a tew gralaa of aoB^lo could bo oooa at tba bottom of tea baakar but ttey 
ahooot tawariably dlaaolvad la tea HCI. Oftan, amall galattaoua llocculaa ai 
aiUca could ba aaao tioatiag la tha avaporating aolutloa. Aa tet vabnna bacama 
laaa, baautlftil rbombobodxal cryatala and cryatala of invartad pyramidal abapa 
pradpitacad. If tea aamplaa wara irary high ia iroo, teoaa eryatala baoaoM quiia 
drak aad i^paara cootad with a dark raddtab-hrown matarlal; tea odor of HCI 
dloippearad. At thia point, tba baakar wm ramovad from the boc plata. Any 
tertbar holding might hava cauaad * aigniftcant amount of titanium to bacome
flxad wife tttica. Pntleagod hMtlag oould alaooM M  a xM ctioow lfefetcU M  
baakar. 90 M l of aad IS ail of coacoatzatad HCl wara addad to fea pzaci* 
pitata la fea baakaz aad fea contanta waza haatad m a taaaparamra bdiaw lOO^C. 
for aboat 90 aklautaa to dtaaoha oaazyfeiaf axeapc fea allica, which waa raadazad 
biaoliibla durlag fea prarloaa ovafKoattea. Tba cootaaca w «a  ftliarad bot oalag 
a Bkodbim Eltar papar («60l m t a  Rlfaboa) into a 400 m l boakar* Tba aldaa 
aad bottom waro aazy feorouM y c la a ^  ualag a mbbar poUcamaa; fea laat 
adbarfegpartldaaworowaafaod onto fea flltar papar wife bot S% MCI. Tfaamw* 
cipltata waa waabad wife bot 9K HCl uatU feara waro about 300 m l of aolutloa 
fe fea 600 m l baakar. Occaateaally, fea fiaal portloaa of filtrata waro aillky. 
probably duo to flaalydlrldadtitaatumoxlda. Tbla waa caoaod by ovarfaaatl^ 
dazli^ fea praoodlag ovaporatloB. Wbaa fela happanad, tba aolatloa waa aot ia> 
fUtarad. for aaaa amall amouata of dtaalum waro to bo avoldod and aay amalli - -
amoant of ailica aot eaagbt la fea llltor papar would ba racovarad laaar. If
F. '■
v tf  amall. wbitlab apoca ramMaad oa tha bottom of fea baakar. 3 m l of coa- 
OMtjratad H28O4  waro addad aad beatad atroagly amll fea alllea aad tttaalum 
adhaxiiy to fea bottom waro diaaolaad. Tbia waa feaa eazaftilly addad to fee
■c ' •'
aaiattaa la fea 600 m l baakar. Tba praelpUato aad Itltar pppar waza placad In
\
fea Igaltad aad rawalife^ piartaum cmcibla tmad la fea laltlal AiMoa. Altar 
tM . fea cziidbla waa placed la fea opoa radiator aad baaiad aattl all of tba
10.
papar waa feorooiMy aharzad. feaa tha MckM eovar w m  i^ a ^  oa fea radiator 
aad fee Igaltioa waa roorimiad aatU tha procfeltata boeamo a rrtdta powder.
a .
N«Et, It WM rwBMwad frmRt tha radiator. tItoMi on ita afafo oo a fiiaad alUca 
orlaai^ aad Igaltad seroogiy ev«r a Plabar biiraar uatll aU dadc apacka dla- 
^ppaaxad. M  thIa polat. tba plartaum cm abla cov r  wm pUoad on die emcdala 
aad tt WM Igolted f<NC 10 mtautM. cootod 10 mtmitM ta a dMiccator, and 
prompdy waigbid. The ignlttoa wm xapeatad tiatU ooaatant walgfat wm 
acbtavad. Bnbbar glovM aad a praaacdva apron wnra put on, aad 4 dropa ^  
w arn. 4 dropa of (1:1) HgiOd and about $ n l  of 4O>S0% HP were edded. in 
thet order, to die conteBta of the crucible. The ciuethlc wm then carebtUy 
placed lato the open radlaMr to «  well'ventUated hood Md hMted ewer a aunatn 
bttxaar uatil all of tba aUica mm drhrea off m fiPgi tha addition of tha (1:1) 
HgSOd kept tha titanluin to aototton and pnrraotad tto wditaliaadon m  TtFd. 
Whan avolittlon 9i daoaa wblta toioM ceaaad, and the crucihla eppaarad com'' 
l^aialy dry, it wm removed from the radiator aad carabiUy hattad to a dull 
rad haat over a Buaaaa burner aad than Ignited over dm Plabar burner for 10 
miaatM; ceolad to tha deaiccator for axactly 10 mtoutaa, aad pronqidy wdighad 
on a M ai^ r htoaaoa. A whittoh or light-tan ananMd4lim reaidue wm a mira 
aiga of dm praaanca af titanium. Tba ignlUoa wm repeated until coawanr 
vMigbt WM achiavad. Tha differanoe to welgto between tfaie and the walgfat of 
dm crudbla plua dtvtdad by dm eaan-drlad weight af dm aaaqpla and imii*> 
dptlad by 100 wm the uacarractad percent StOg* Thara wm almoat iavariabty 
A aaludl amauot raektoa to dm plattoitm crucihla; thia wm not dUmnad om, 
for It had to be edded to dm R3O3  prooipltetc ia the next etep.
Tha dltiatia in tte 100 aal baakar waa baatad on n w in  gauza o n r  n Bunnao 
buznar; 30 m l of aatnzacad NH4C l» to  kaap Mg In ammoBincnl aobitloa. **0 0 1 0 0  
maeanlod lllaar pulp tad abma 1 m l of paranltnphanol IncUenuur w an addod: 
tba mixtura waa haafiad ta boiling, allowad to cool, and noutrallxod witb con- 
cantratad NHgW untfl tba RgOs floactdatod and n faint odor of nmmoola waa 
afpaxamt. A gflaaa atirrlng n d  waa plaoad la tha baakar and tha mlxtan waa 
boilad for about 10  miautao; tba odor of ammonia had to ha praaaat at all tUnaa
'3"*»
to aaaun cnmpiata prec^teadon of R3Q3 . Tha baakar waa ramovad from tha■ -f-
Bonaan llnma and tha pnclpitaia waa allowod to a a d ^  than It wan fUtarod hot 
lato nnoihar 600 m l hodtar, noiag a iS89 blndt xihbQa papar, wlAont atirrlng 00 that tha aoparnaranr liquid paaood abnoat oaiin ly  dnrangb tha fUtar papar 
bafora tha ftrot portion <d tha gtdaOaaaa hrownHo-wUto (dapanrilag oa tba amount 
of Iron or ahmdnum praaaait) praclpltma. Tba boakarimo waabed with a bet 
oohitlon cootaialag 50 ml aatnnaad Nii4 C l, 1 nd K 9  ladlcator, and 3 dropo 
Of eonoontrotod NH4QH por 500 m l of H2O. Tbo flitrato waa oat noido tor tha 
GaO and MgO dacannlnmian. Tha RgOg pnctptaue conrninad all of atomliann, 
iron, aadtltaahtm, ao wall as all of the smaller nraomtts of elllan, p te^ h eron , 
chronlum, vanadium, tha n n  aartha, aixconlum, and ochar loaa cwniwnoo d a -
. -'ic-  ^ .
bmom ooehoa gallium aad beryIlium. If tha oorroet pH waa malnhdnod, all 
at the ealdma, magBaahna, aad maagaaaaa paaaad laio tha fUtnm . Tha wash 
soltttloB was naad to racurn dm pradpttata to dm firat 600 m i baakar whan It
11.
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WM ra-dteMhad with about 10 utl c f coacaatratad HCl plna about 300 m l of 
watar; tha jnrooadura for pract|MUaxloa wm rapMtad aacluding tha 30 aU of 
aaoiraiad MB^Cl) tha wm ooUactad oa tha original llltar papar. Tha 
baakar wm thoroivbly daMad udng a nthbar poUeaaMa and a amall pleca 
of fUiar papar. Tha aaeood fUtraia wm diacaxdad aftar haadag it to bolUag. 
allowing It la co d . and cbaoklag It tox ftixthar Ry^g lacac^dtato. Tha RyOg 
pxacipttaia wm allowad to fhoronghiy drain and than it wm cnxaAilty a d oidad 
in tte filiar pupar and placed taeo the otj^dod pladaum exudble. The piatimim 
cxucihiaplM RjOj WM placed into a parforatadporcalaittdiaaccatorpl^ and 
than late m  ovm  at 105*C.i It wm hald at tfaia tanpaxatura ovaxiright. Tha 
exudhla aad partidly igaitad oontanta waxa tihaa ramavad fxoaa dia ovan aad 
allowad ID coal. Tha wm caxahiUy bxaabad into tho cructbla with a eamal'a- 
hair bauah. The exudhla WM earaftiUy igniied oaar a BmiaM buxMr. AAtxi: . • T-
dda. the ericuhia wm plaoad over the Flahar huxMr la a diced poaidoo on 
a fttoad alllca triaagia and igaitad atroogly for 10 mlnutM. plaMd in a daoic- 
entor %c^ ooel lor oauntty 1 0  ndnwtoa, and m^ompdy wotghnd on n Maldar balanca. 
The ignUloa wm r^aMad, Mlog a piadaum cxueUiia cover, If naeaoaary, undl 
coMtantwaight WM addavod. Thia walgbt minua tha weight of tha aoapty plad* 
num cnidhla Immadiataly pracading tha SIO2  datarmiMdon, dddad by dm oven* 
dried a a n i^  weight and muldpltad by 100  wm dm uncon ractad paxoaot RyOg. 
TiOiaadPayOg
Altar waighlog tha RgOg pradpltata. about 1 gram of powdorod pocoMhtm
13.
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pyroattUtte waa mlxad taw dia aanvla wiW a g^aaa attrrtag rod. Altar dda. 
any parddaa adhariag lo dMiiod wara earaftiUy braahad back Into tha cnudhla. 
Powdarad potaaahtm pyroauUata waa addad whUa the cructfala waa being lightly 
uppad. undl It waa aboat 2/3 hill. Tba cructtda and contaata wara Ignttad on 
a Buoaaa burner. Complete fuaion waa achieved when ao dlecrete pardclea 
could be aean ta the matt aa It alowly cooled. The malt waa allowed to cod  to 
a twapaxaturo of about lOO^C. At tbia polat, 3 ml of eoaotatratad KjSpg waa 
addad; dw cnidblo waa tbaa covered and am aalda Imr oaa heur, Uaually# m 
. tha and of dda period the pyroauUata had racrymaHlaad aad no Uquld could ba
I*'-'-'
aaaa.. The erueUda «Ki coosaaw waa than pm imo a ISO ml haakar with abom 
80 m l of HJ> aad S ml of (ltl>  covered wltb a wmdt i^aaa, aad p ^ e d
on tba hot j^ata m a maaparamra bdow lOO^C. Whan the cake had ccanplataly
diaaalvad. tba pladaum crucibla w m  ramovad with a rubhar poUcamaa. whtcb
/ ■
waa uatd to earaftilly dean It aa it waa waataad over dm baakar. Thera waa 
never a problem of tttadum hydrolyaatlaa when dda matbod waa uaad, avaa U 
a aampla comaiiiad aver 20$^  TlOa* Small flocoulaa af StOg could aoaMdmea 
ba aaan floadag about In tba RgOg aoladon. la order to raeowar thaaa, dm adu>
T-
don waa fllmrad late a ISO m l baakar# ualng a *539 blade p^wr, aad waahad 
aaverd timaa with ( 1 :100) llltrata waa am aalda far tiha TIOg ptua
FagOg datarminarian. Tba flimr pqpar aad ooatanta waa placed Into tha original 
pladaam crudbla aad jgnttad to conatam walgld. Altar dda, 2 dropa of (1:1) 
HgSOg aad 8  dropa of (40-S0Jt) HF wara addad, tha SiF waa drivan ofl altar
15.
pladftg tba eruclbto la a radiator la a wttHatad hood, aad dia orudUate waa re* 
Igaltad to oonatant weight. The loaa la walghc dividad by the ovta*driad aam{fle 
weight aad nrolttpltad hy 100  waa added to the aaeorractod SIO2  parcaotaga 
aad aubtraeied from the uacorractad R3O3  parcantaga. Tha raaichia In tha 
cr^lfala waa caraAiUy f  uaad with a amall aaaaur af potMatum pyroa^lfata 
and racursad to tha aoiialoa. Thia aohttioa waa placed loto tha aaaalgum* 
radBCdoa apparania with ahoia 15 ml of Za*l|g amalgum, air waa dxlvaa oB 
by dc>2 or Nj and tha ^iparatua imw ahakea v ig o r^ ly  for four asiantaa to 
radaet T l^  to aad F a ^  to F9^K  The drain ^  epparttua waa fUlad 
wito HgO aad a email, watar*flUad 30 m l teat tube fitted with a ruhbar alaave 
waa attached to It. The draiawaa then opened end the Za*Hi amalgum allowed 
topwM Into the tMt tube, tola waa banned hy gently aq^mting the walla af toe 
ruhbar tuba, la thia auumar, ao air waa allawad to amor the apparaiaa aad 
oiddiza the Tl^^ to T l^ . A yhflet color indlcMed toa praaanca af large amocuds 
oftftn tom . Tha atduticn waa tltratod with O.fft N KhtoOg to toMarmlac TIDj /  
Fa^g: If the end point wan ovarebot, the retoicttoa and eubeequent tltrttloa 
ware xafmatod. The aquivalaaca par ml of RMaO  ^|a tarma of Fa^Og and TIO] 
mttltlpUad by toa m l of titrant uaad, nailtlpliad hy 1000  and dlvldad by the oven- 
dried aample weight waa tha paroant FagOg /  TfOg in the aan^la., TMe figure 
aubtractad from tha pareaid RgOg gave Uia tuicorraetad AlgOg parcanu^* The 
raduetiaa waa n^aatad, 5 m l of aaturatad KSGN waa added aad toe reductloa 
repMted a aeoond time la an atr-fraa ntnxxqiheTe. The red «d or cnueed by
.•r-;
ttm ferric *tfak)cyaa«t» dlMppwurad complately M  long m  tlw •oalguxn wm atlU 
good. Tho tsnalgum wm oonplocoly romovod m  botero oad ttm ootuttoo wm 
tltxatad with otaodord Fo^^« Tho oad poiat wm markod by tfao oypooraace ofI •
tht rod forxlc-tbiocyM iii eomplox. If tbo oad point wm ovoxoboi, ttm roducdoa 
Md dtratioa woro xopootod. Tbo oddt io o-rodnotioo p o to a ^  of (Tl^^ • T l ^  
in antcb higbor thaa ibat of (F o ^  • F o ^  ao that m  loag m  T|/6 la prMoat, 
it will raaMwa alaetxoM fnao aay fanric iron praaaat. Wfaaa all of tbs Tl^^ 
bM baaa <»dtdiaad to T l^ . m  m oom  of fanric iron occur* wUeb proa^ptly 
forma a rad-odovad farric-tdocyaaata compeuad. Tha aqpihrdmea par ml 
of tha Fa^f atandaxd ia tazma of TiOj. wulttpliart tba lal of tUraat uaod. 
nndtiptiad by Uno and dl*ldod by tba ovaa-driad Maaqpla walgl* gawt tba par- 
coat TK>2 la tiw aampla. Thia wm aubtractad from tha pareaac /  TlOj. 
ttm ramaiadar balag tha Fo2 0g paroantaga.
OaOaadMaO
Tha Oltm a aat Mida frmn tea R^Os datarmiaatioa wm haamd to baOlag 
Md acidiftarl with a faw aU of HCi; teaa about 0 0 a gram of wm addad.
tea adutko WM attrrod aad ail of tea cryftda wara allowad to cfiMolra. Foilmr- 
lag thia, ooacantratad NH^ OH wm addad d r^  fay drop to aautrd of paraaltro- 
pbaad Indicator, aad a S ad aacoM WM oddad. Tha baakar aad coocaaM wara 
coaarad with a watch and kopt warm for at laaat 9 hour* oa tha Iwi plat*. 
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A mttkywhtta, Oim-graisad predpluta ahommd dm pxMeaca of OaC^O  ^H^O.
If a pradpttata oecuxrad. dm aotudoa waa fUtazad througfa a Whatmaa N040 
fUtar papar and waataad tbzat ttoma wtdi cold watar. The IlltrMa waa aac 
aatda for dm roagnaaium datanninadon. Tha fUtar papar with i^radpttaia 
waa piacad in dm uaad baakar with 300 m l of Hjp aad boilad. After boiling, 
about ao m l ( 1:1) H i^Og wara addad aad dm adutUn waa titratad whila hoc 
wldt acandard KMaO^ * Tha aquiwalanGa par oU of dm KMaOg ia tarma of CaO 
multtpHad by dm ad of dtrant uaod, miilttpliad by 1000  aad dividad by dm 
ovaa"dried aaayla weight waa the paroaat CaO in dm aaaqda. Tha fUtrata 
aat aatda altar dm fHtratioo waa coolad ta a rafrigarator lor ooa hour* 
Fdlowiag dda, 15 ail of aatuxatad (NH^g^ 4  1 00  ml af coa*
caatratad N^Cdl, Tba voluma waa then made to about 500 m l, Thasohidon 
waa adrrad aad dm aidaa aad bottom of dm haakar wara nibbad vlgaroualy with 
e  rubber poUceamn to baMto prac4 dtatiott. If Mg waa praaant dm aolution 
bacaam doady after about two aiiaiMm of nibbiag. Tba aobidOB waa eowatad 
wMi a waidi l^toaa, dmawttbapladicbfg[tolmqpoiainBacta(paxticularty 
frd t fltaa|« aad allowad to ataad at room taflaparaiuxa ov a rd i^ . Tha foUowiog 
moraiag tba iiia ilea  waa flltarad throu^ a flaa aadydcel llltar paper (441), 
dm baakar waa tboroagdydaanadimlag ( 1 :10) aad dm big
pracipitata waa waafaad with about 300 ail of (1:10) Tba llltm  p i ^
aad ooamma wara plaoad ia apravioimly weighed ftieed eiUca crucible care*
•r,;.




tlila. tba craeUAa waa uraaaiairad u> a Plahar baramr aad IgaiM  tar abom 10 
Gaiautaa or t»til all faladE apadka iHaappaarad. tbia aarvad to aoovort any Mg 
IfOglg to M g ^ ^ . Cooataait weight could aot ba acMavod at thia taanporataro 
dua to tiw gxatftial loaa of anuril wnouiaa of fgf%. Tbo crucibte and ooatatto 
waa dUowod to cool tar 15 mlnutaa ia a daalccator and than proaapUy waigbad
f
oa a Maitlar balaaoa. Tba laeraaaa lawabfet natltb^Uadby0.9i21, a i^ *  
pliad tff 100  and dtvldad by tha ovu-dzlad aangila walgbt waa tba pmnoaat MgO 
iaibaaanbple. Moat of tha maqpinaaa praaant t o  tha a a a g d *  waa co-pr«ctpl- 
tatad wife fea Mg aad watghad aa uaually the amount waa ao amall
aa to ba aai^lgiblo.
Oiiaanic Manor
Tbo Walkloy-ltaGk motbad^  ^waa oaad wife aoma modiflcacions. Tba aiaca 
o f the aampia uaad waa a 100 amab. Tba wol|^ of aaagda waaG.Sm 1.0 gram. 
Aftar cootlag tar half m  boor and adding wmar nod ncdd. tfaa aotuttoa
waa fitaneod through a M l Whatmaa lUiar papmr, T M  modiflmittoB waa aeoaa- 
aary bacanao tba raddiab-brown color <d feaaa Mgbly tarxvginetia aad tltani-
■ V
faxtoua aawplaa mahaa fee aad pMot diffloult to ba noticed.
Cation Bacfaaaga Qmacity
35 grama of 30 wamh alr*driad soil waa placed la a SOO ad BzUaaaayar 
llaMc. 300 m i af N ammonbim acmata (pH.7.10 waa addad and ahalttn ia a 
mocbaalcal abakar for oaa hour. Tha flaak waa tightly atopperod. Thaaolt 
waa then flkarod on a Buchner ftumal with No. 5 Whatmaa ftttor papar aad
wMbad with anothm: 900 ml of ammontum acetata ualag about SO ml for ooeh 
woohii«.
Tbo a d l xoolduo ^uo fiaok was noxt waahad with SO ml poitloaa of matlqrl 
aleohol tour dmea. Tha waahad aoU, plus fttiar pi^ar was traaatorrad to tba 
aarlglaal llaak. 200 ml of OK KCl addod aad ahakan far 90 mlaataa. Tha coatoota 
wava fUiarad aa a Bucfaaar toaaal ualag No. 5 Whmmaa fUtar p ^ ^ . Tba rad* 
duo waa waahad thraa ttmaa with SO ad porttoaa of 4% K Cl, This was traaa*r--
ferrad lato a too ad Kjaldahl flaak. 10 ml of IN.NaOM aad a t o w p im  of 
Bunraajr xlae wars addod to It aad dia coataata wara diatUlad lato a SOO ad 
Kriaamoyar flaak containing 50 ml of 4% boric add phia 5*7 dropi o f madijdana 
btaa and mottyl rad ladleator. Dtadllatlda waa martnuad until tiwb*tolnlo of 
tba contanta waa dadUad ovar, Tba dladllata waa dtratad with 0 .2  * N HgSOg.
£W
A 111 aattnaatar miatura waa praparad ualag alr-driad aoU exuahod to pasa 
a 4 amah acraaa. Tha mixtura waa allowad to stand ovandgbt and thaa adrrad 




Oxgaaic mattar waa raaaoved from tba aoU aamplaa and than aaparatad
**Tha aathn: la gratatol to hfr. Y. Matauaaka of tha Dapaitamut of Agrooomy 
aad Satt Selaaoa. Ualvaxalty of Hawaii, for axplataii^t dm dlffarantUl dmrmal 





tato clay ami aflt frad law , passed ttxant^ a 1 0 0  maah setaaa and apraad oa 
a watch giaaa aad waiatatiad at 50% rolatlva humidity until aquUltaahim waa 
reached. Thia took shod a watft ta a desic cator.
0 .4  gram oC tha aampla waa vnlformly packed la tha aaofda boldar. U 
waa flilad to cover with igallsd alumina. Tha otkar bolder waa flllad withV' ■ --L
igattad ahnalaa only. T ^  was eovarad with a matal place aad ancloaad la a 
fkixaaca. The g d aaiwaiatar waa awitchad oa and the tadicator aaroad. Tha 
htrnaca waa haarad and the j^anctpatar read with tha pyraiaatar reading ra* 
cordad avaty aaa KlflBta. Tha n ta  of heating cbt hiraace waa about IS^C. 
par nlimiaanditwaadaBahy acalihratadvdtagatraaMonBar. Thahiraaca 
waa heated to 1000^. aad tt toak about 65 odmitaa for thia tanporamro to ho 
raaehid.
X-ray DHtractten Smaaa
X-ray dUeractioo pattaroa of air dried 100 aoaah oamplaa wara zacordad
•>«»
ttdag a Naadao X-rqr diffraatoaatar aad tha Iroa tidaa with a aanaitiyity at
3-6-6 aad a Ma lltoar, raiwo from 2^  to 90^  3 thata waa oovorad at a
aaaanlsg opaad Of 1* 3 thaia par miauta.
K . ^
Tha aamplaa from the aalactad four profUaa wara aaparatad Into the day 
aad silt fractiooa.
AboatO.l grama ef the day teactloa wee plaead on aa agate aoocor. a drop 
af |4yoerd added aad It was made Into a thidt poate with a lOw drops af watar.
V .
' 7
_ y . . V . . ; . 2 1 ,
TliUi waa apraad oa a glaaa dida and whan dry tiia X*ray pattara raeorctod 
aabV tba rappar tuba wttb a aaaaltlvicy of 2.61 and a Nl flUar. Tba acanningI
dmawaaM^#
'V
,,Tbe aaad aad aUt fraction waa gronad topaaa a 100  maah aiava aad placed 
la tba powder aampla boldar and acannad Iran 2** 2 la 90^ 2 thata wtO) a Fa 
tuba and Ma llltar. Tha d apadaga aad peak tataaaltlaa wara racordad oa 
3 x 5  earda. Uati^ dia index aad Brladlay'a^ book, tba mlaarala
wara trtantlHarf.
ofQ oda
-  AdadaboutoM totwolaeheaiadlam otarwaauaadfortbapiaparatioa 
of dm dila aacdona. Tba dod waa oven ddad lor about 24 bours at llO^C.
It WM plaead ia was*caaiad paper cup aad a 1:3 Laaalnac-atyrane mixture 
with 0,25 ml d  Salactron eatalyat waa addad uadi the doda waia aaaaaad.
Tba cap waa placad la a vacwan daatccator aad tha ayamm waa avaeumad 
uadi aa more air hnbhlaa avotvad frem dm dada, Thia took a tew houra. Tba 
aamplaa waxo ramovad from the daatccator and placad la a co d  ovan. Starting 
at 40^C. dm tan^aranixa waa iacraaaad to 40*^ C. allor 3 bonra aad to tO^C. 
altar aaodwr 3 houra. The aamplaa wara left at 80^C. ovaxnigfat aad than tha 
tamparamxa waa reduced alao gradually. Ualag dw diaiaoad aaw, ifte aanqd^ 
wara o d  ieB aecdcne of appradmem^ 1/4 inch tidckaeea. Tha aample waa
■ ■■;■ ■.'.■ J---.' ' -
aaxt pollahad on tha pbitahiqg whad, ataxdag widi coaraa griadiag eonopoiaid
aad ooroplttag tte final poUah on tte gUaa plat* with tte flnaat compound. 
Tte aampU w u  waated of all grinding compound and air dried. Aclaaa 
gtaaa allda waa placad on a teatod tat pUfa aad aoma I.akaiikta plaattc waa 
maltad oa It for about $ mlntdaa. Tte cut aampla waa placad on tte i^ida 
aad praaaad down. Tte aampla waa allowad to cool to room temperature. 
Again tte aampla waa ground with coaraa grladbag compound <» ton taawl 
nod finally hand grotunl on a |)aaa plate to a final titaflcnaaa of 20*30 nUemia. 
Tte alldt waa waabad aad placad la aa ovaa at 105*^ C. for IS mlmdaa. Tte 
alMa waa placad oaca aaoia oa tte tot plata. aoma Laieaafaia plaatlc placad 
Qvar tiia aampla aod a cover allp (dacad ovar It. Whaa dry the allda waa 





A. PROFILE NO. NA-2-4
Tabla i  givaa tba raaulta la a tahuUted form. Tba Apl aad 
borizooa hava a Ugb Iron oxida aad titaalum oxlda cootaat. Tha amount 
of troa oafde ranges from 26.91% to 64,19% on an ovaa-dry haaia.
Tha dtanlum mdda ooamatvariad from 4.33%. to 11.11%, Tha 8 34  
horlaoa, which ta aaxy frlabla, haa a dighc tncraaw  ta troa oadda.
Thia la alao aaaoctawd wite a dacroaaa la hnlk daaalty, aa ahowa In 
TafaiaS. Tfaa fatghaat dtaahim oxlda coataat of 11,11% la fooad la tfao 
A2  horlaoa Md la aaaoclatad with tha falghaat apadflc gravity of 
3 .40 .M  ahowa ia Tabla S. Tha amoum of aillca la higbMt la tha aur- 
faca horizooa and dacraaaaa with dapte. Tharo ia an laeraaaa ta tba 
valuaa for loaa oa Igaltioo aaaodatcd with an tacraaaa la dapth.
B. PROFILE NO. HA-2-5
Tabla 2 ahowa that la the A boriztm thara la a ooacaatradoo of Iroo 
and titaalum oxldaa amounttog to a total of 70.43%, In tha B23  horlxon.
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which ic extrciMly fslctatc. there la tha graatcat mntmat of Iron 
amouiitiiw toSi.MSI* Tha amounc M ailica la high in tba aurfaea layer, 
dacraaaaa in tba B taertson aad lacraaaa to aimoat ita initial valua ia tba 
C borlzoa. Tha amooat of AlgOj atarts low with a valno 7.73 and 
iDcraaaoa to a valua of 26.07 ia tho C faorixon. Tba loaa on Ignltloo 
valuaa iocraaaaa froea t.74  in tba aurieca horlaoa to 27.62 la tba B2 x 
borlsoa. It raiaalBa high la tha B boriaoa aad dropa to 12.33 ia tba G 
horizon.
C. PROPILB NO. NA»l-6
TaMa No. 3 ohowo tho rooulto in a tabuiaiod fcMra. In tba A borizoBa 
tharoia a alight iacroaaatai tba amount of iron aad titantiuBOKidaa. Tha 
falghaat amount of tttaatann oxido of 7,3t% la in tho Agj borizoa aad Tafala 7 
wiU show that tfaa A^g faorlzoa alao baa tba falghaat valua of 3.27 for pardclo 
donolty. Tbo amouat of MOa docroaooo with depth azo^a that tba Aa aad Aax 
borlzoaa have loaa allica cbaa Ajg and Agg famrlzoaa. Tba mocpbological 
doaerJpdon abowa that fea Ag aad Agx borlzoaa are vary friabto ood cbio could 
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with dafKh. Has* alao Ag aad Agi borUoos being aa excapctoo to thia txaad.
Tha laaa an Ignitioii valnaa alao ahowa aa incraaaa with dapth, tha A j aad A^ j^  
braakti^ tba txaad.
D. PROFILB NO. HA-1-2 
Table 4 ahowa tht raaidta ia a tabulated form, b  abowa thm tha amount 
of iraa ostda laoraaaaa aUgbdy la the B| bociaoa and dacraaaaa to a vary tow 
valua af 9.80 ta tea C berlcmu Tha amauac of tltaoium oxlda la graaieat ta 
tea A u h o rlx a a za a ch la g a v ^ a f 8.55%. Tha abaaluta valuaa for boa  aad 
ttonatam oxldaa at* vary tow aad la fact tee towaat aamag all tea four profllaa.
■ ' .^4-
But tba gaaaral tread af a lith  iron oxlda cootaat la teaB harisoo and a high
i ;  V--
titaalum oxlda eoaxaalla tea A horlaoa la aaaa. Tha amouot of alUca lacreaaaa 
up to tea B2  bortxoa aad thia dacraaaaa. Thara la a gradual tacraaaa ia aiuaad* 
ama oxlda with dapth, the hortxoaa B| aad Bg taaaktng tela tread to a amall 
mamA. Thara la aa laeraaaa ta loaa oa Igaltioo values with d^ite but ia 
hortxoM A3 2  b  dacraaaaa wite d^pte.
Qiamical aad Phyaical PropazHaa 
A. PROWLS NO. NA-2-4 
Tafata 8  givaa tea valuaa lor tea caetoa aaehaaga c^MCity oxgaaic cailMo. 
pH. partlcla daaaby aad hoUc daaaity of pzofUa Na-2-4. Tba vatoaa for tba 
«.d»deaaaotaaam  to follow aay aat pattora. Oaaarally. tea valuaa aza 
tow aacipt teat ia tea D borisoa teara le a high vahia of 89.51 m .a. par 100 g r a m s .
- viv-'V;
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Tte oxgn lc cartott valuta dacraam with daiith. Tha of die adola profUa 
data aoc chnm a^ ^ppractahfy and ramataa rouad 4*0. Tha partlcla daaotey 
vahHW raaah a high af 9.40 ta tha hortaoa. Tha bulk daaalty vahiaa raach 
a high of 3.54 alao la tha Bj^ g horlsoa aad dropa to 1.49 la dm O hortzoa.
8 . mOPlLB NO. HA-2*5 
Tabla No. 6 gtvaa dm valuaa tor aoom af dm eimmical and pfayalcal propor- 
tlaa of prdUa No. HA-3-6. Tha catloa aachanga aqmdty la dm Ap bmrixon la 
15.52 m .a. par 100 grama at aott aad Increaaaa to 54.72 m .a. par 100 gxaom
•f. T
la dm aaat 8g  ^herlzoa. lathe felloarlflg herlzeae It decreeeee. The organic 
' caxhoa valuaa foUimr dm aama pattara aa dm cadoa axchaaga opacity vdth 
4.49Xhalflgthafalid>«M «<M totim Bg|l^oa. The pH la higfaaat la dm A^
Vv ■
barlsQB and raoaiaa alsMOt Gooataot. Tha pardela danalty ta htgham la dm 
Aoharlsoaw idiavalim of 9.96aaddaeraasaawlth<^pth. Tha bulk daaalty 
la dm Ap haarlsaa ta 1.95. Thla valaa la dm hlghait for dm prcdla. latim Bgi 
hortaoa It dropa to 1.07 aad agaka Incm aaa to 4.82 aad 1.85 la dm Bgg aad 
Bgg herlaoaa raapacdvMy. la  dm C. and Cg hartsooa dm bulk daaaldaa aro 
law aad loaa dma OM.
C. PROFnjINO. HA-1-6  
Tabla 7 gtvaa the valuaa far aoom af chaagdeal aad ^tqmiaal propardaa 
ofProlllaN a. NA-4r5. Tha vMuaa dm catloa aaehaaia aivaalty dacraaaoa 
tram 45.12 la dm Ag herlxoa lo 37.52 aa.a. par 100 graaae ta tha A^g horlsoa
A
aad dma Ineraaaaa agala. All tha valuaa are hlghar faaaraUy than foe vahma
'.'r^
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for tlw Nairn MriM  pndlto torn  M  Tba oxgai^ eartioo valuta ahow 
a pattern elmllar to ttw oattoe exchange capacity valuta. Tha pH remalna 
fairly cooatant xcind 4 .3 . Tha pardcla denalty la higheat ia tha Agg boorisoo. 
haviiy a value of 3.37 aad It ta in ttw aama horison that tba cation axchapge 
capacity aad organic carbon oomenta art tha lownac. Tha bulk danalcy raachaa 
tha bidwat vabw of 1.33 la tba Agg bmrlzoa.
D. PROPILBNO. HA»A>2
TaUa No. 8  gtvea aonae of tha chemical aad pbyalcai propardaa of Profile 
No. HA*1-I. It ahowa that tha valuta for Uw catton axefaange cipaeity art 
high. Tte faifhaatbaUw 99.8 m .a. par 100 grama In tba Ag^horixana. Tba
-V - '  '.T. - -
orgauie carbon valuta atari with a value of 4.391 ia tha Ag  ^horixon and dwn 
dacraaaaa up la 2.38R la tha aad again inereaaaa to a maximum af 4.79J&
in ttw O horison. Tha pH valuta axe falgfaer then the oorreppoadtog veluna for
_., ' • • ■'
the odwr three pxofUna Juat dlacueeed. Tha higheat pH la la tha auxfaoa horizon
r- %. f.*
r ' -, 5 y V
and docraaaoa rathtr imifomwlly to 4.SS in the O horizon. Tba bortaon B^  haa 
tha hlghaat ipartlela denaity of 2.79. Tha paxticla danalty incmaaaa up to 3.73 
ia lha G4  W izon . Tba bulk danaity iacraiaaz to 1.64 in tha Bg horizon aad than 
dacraaaaa to 1.14 la tha D horizon.
34.
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For tho oako of aooveniaaoot the radva aoU profUaa a n  givan coda
u . • -c. , - • ■' i' 2-
aambars. la nunbariag tfaaaa pnlllaa, the first two lanara dmott 
whethor It la a Halawa or Nalwa aariaa, tha naxt la a aumber aad shows 
tha island f i ^  Wdch tha aoU was got, tea oaxt aumhar daootsa tha nunhar 
of tee site lor teat particular idaod aad the last maabar shows the numhtr 
of tee borlsMi nartlas ficom tea surtMs, a .g .
Na-S-4-1 maaaa that tea soil aamfda is a Nalwa aarma tran Moloicai, 
teafourteaitaandteaflratboriaim . la awnbartag tea ialaoda, hiaiii is 
numbar 1 aad I4olokai It aianher 2. If tean  a n  only two aundioira alter tea 
•ariaa aaoia. tea aacoad aumhar relara to teo alte mmtear la tea caaa o l a 
proflla and hodsoa BiBDbar in tea eaaa of a horisim.
This is a picture of the landscape in the area from which Profile No. Ha-2-6 was described. It shows the 
type of rolling topography which is characteristic of the area in which soils of the Naiwa family are located. 
The vegetation of Lantana and Kikuyu grass is also noticeable. Erosion has exposed the A2 horizon in certain 
areas and these areas have a purplish shine which is not too obvious in the picture.
Co




Location: 100 feet south of Molokai Forestry Camp on the island of Molokai. 
Sample on east side of dirt road. Description was taken from a road cut.
39.
f.■j.
ClaMlticatlon: Huraic Pamigiiious Latoaol.
fttrent MMartal; Not known for certsinty but tlKKight to have weatbered from 
(Mb and modified by water.
Climate: SO locbaa <rf ratolaU.
Veflatatlon; Eucalyptiie, Mack wattie, bonobono, HUo grasa, 
Elevation: 2150 feet.
Drainafle: Well drained. Moderately rapid parmaabUity.
Api 0-5” Duaky-xed (KMl 3/3) aUqr clay, dries to lOR 3/2| mroog.
‘ very fine subangular Mocl^ structuxo! atlcky* piaedc. 
firm ; many ro<K«; many very fine aad fine aad ctmamm 
medium poxes; many shiny specks; hi|^ a p p ^ a t bulk 
density: it was noted In sdjjaceid areas tbm foa igipar mia- 
half inch baa a slag-lOce deval^Hnant where vegetative 
cover had been removed; abnqit smooth boundary.
Bj2  Duaky-xed (lOR 3/3 .5) silty clay; weak medium aad coarae
..
suijangttlar blocky structure; sticky, very plastic. frlsMe; 
comoQon fine xoots; conuntm very fine sad fine poxes; msay 
glistening specks; bigb apparent bulk density; pads sxe dense; 
abrupt wavy boundary.
40.
11*17" Duaky-iwd (l(Bl 3/4) silty cUyt mzong vsry fins nibangoiar 
blocky structure: M cky. very {dMtlc. friable: many roots: 
many very fint and fine poiea: few ^ietening MKke: few 
patchy n^esed coatinge <m pod faoaa: claar smooth boundary.
Bgg 17*33" Dark-zed (lOR 3/6) aEty clay: atrmig very fine aubangular
blocky atructuxe: sticky, very plamic. frlalde: many roots; 
many very fine and fine pozea; many earthy lumps feat bzeak 
down on rubbing: neaiiy oonferaoua gtaxe on pod surfaces 
that in main are prcfeahly pzeamixe aurlSoes.
Bg4  23-30" Oark-zed {lOR 3/6) silty clay; strong very fine aubangular
Uocky ttiucture: addcy, very plaacic. firm; n»any earthy 
lumps ttm  resist when ndfeed are thought to be aegzegated 
' ^  iron; few zoote; many fine and very fine pozea; nearly con­
tinuous preasure surfaces on peda; law patchy cutana that 
look like clay fiowa; clear wavy boundary.
Bgg 30-37" Oark-zed <10R 3/6) ailty clay, with many tine motdea of
very pale brown (lOYR 8/3); strong very fine etfeangular 
blocky structure; eticlcy. plastic, frialde: few dne roots: 
many very fine and fine pores; leas compact than above; 
gradual wavy boundary.
C 37*44'' Variagatod dark reddiah-bxown (5YR 3/4), vary dark grayiah 
and
O brown (lOYR 3/2), ctey loam; waak madJum aad coaraa a ^ -
,*
angular Idocky atructura; aligldly aticky. piaatlc, friable: 
few to common fine poraa; about 50 percant c i volume ia
if. • .
made up of sapzolita,
! V Profile No. Na*2*l
■■ _ , • ' .=■
Ag 0*3.5" OuiNcy-rad (lOR 3/3) crushed color (lOR 4 /4 ). Loose powdery
ailty clay loam. Vary a li| ^ y  aticky. Maned with roota. 
Pawconcvetkma. Modande bulk density. Alwiqit boundary. 
A j 3.5-3" Duaky-rad (lOR 3 /3 ). Hard and firm breaking lato aubnngular
and irregular aggxaipuaa ranging from 1/16 inch to 58 inches. 
Many roots. Vesicular. Numerous small poraa. Apparent
%
texhure tilt loam. True texture clay, Sligbfly Micky and 
rtightlyil^antlc. Wavy boundary.
Bx 3-13" Ouaky-rad (KHl 3 /4 ). Vary fine. Aggpces^s larger tiian
above. Moat ol them greater than 4", Breaka to aubangular 
blocky aggregates 1/4" to 1" In eixe. E xtrei^y poxoua and 
poree larger la size and number than above. Laee roots. 
Silty clay loam. Slight to moderate sticky. Slig^ difference 
In color vtoich is gradual. Uffeaad boundary.
4X.
■r
Bg  ^ 13-20" ReddO RVS). Very firm blocks of a m  T  to 4 ". Breaks 
to sdMmguUr imiform, aggreptee of aiae 3*' to 1/3*', Pew 
roots. Site loam (dry). Smeary Wban wat. Slipbt to nmdiiim 
sticky. Many pores of medJnm aixe. A b n ^  bmiadaxy.
Bgg 20>30" Dark red (lOR 3 /6 ). Silt loam (dry). SUty clay, wet.
Weak aubangular, blocky. Friable, medium etldcy. Few 
roots. Small aize miineroua pores. DUBdaed boimdary.
C 30-36**y Rad (lOR 4/3). Silt loam (dry). Silty clay loam (wat).
Medium sticky. StdMmgular blocky. breaklog liwo Urge
i '
aggxegitoo and to friable, small aggregates. Very fine 
pores with black linings. Weadiexed saprolyle common,
• ProfiU No. Na-2-2
A |, 0-4**.  ^ Dark rad (te^ 8 / 6) ailqr cUy k>am. Sticky and piaatic..
~ ' Hard aidMagoUr blocky. Very friable. Many roote.
Plenty of worm casts. Abrupt boundary.
Ag 4-11** Ouaky red (lOR 3/4) aUty cU y. Very midcy and moderately
pUstU. Hard, medUm. eidMuiguUr blocky. Numermia worm 
casts and many very fine room. Root arae haa wbite mold. 
Abrupt boundary.
42,
11-19" Dork red (iOR 3/6} silty clay. Very sticky and plastic.
Hard, large, subajqgular blocky. Numerous roots. Many 
small pores snd root channels. Abrupt boundary.
B2 j^  19-28" Red <10R 4/8) silty clay loam. Hard, small, subangular
blocly. Sticky and plastic. Numerous roots. FrisMe. 
Numerous roots and pores. Roots small and fibrous.
Boundary abrupt and a llg^ y wavy.
B2 2  28-44" Red (lOR 4/8) clay loam. Firm amall subangular blocky.
SUgbtly sticky and plastic. Pores snd root chanxiels many 
and have shiny luster which Is translucent. Diffused boundary. 
C 44-60" Red <10R 4/8) clay loam. Firm small subangular blocky.
Numerous large pores. Very slightly sticky. Partly friable. 
Root channels lined with black material. Some saprolyte 
lined with cutans. Amount of saprolyte Increases with depth.
V Profile No. Na-2-3 
A n  0-3" Very dark gray (SYR 3/1) silty clay loam. Weak Ulocky
structure with numerous small roots.  ^Many small concre­
tions of the same color. Friable. Wavy boundary.
43.
'■i t
A^2 D irkrakklibrow a(SYR 3/21 aUtyeUywite lota of
graviRly eoocratimia. Subeajpilar falocky. Small and weak. 
Frlabla. Q m t boundary.
B ji 6-9** Raddlab brown (SYR 4/4) nilty day. F ins mimaroua bard
coocratioiMi 1 9  to 1/2“ aisa. Vary porous. UtOm, Umy 
roots. Sticky sod sllgfacly i^asttc. Otflusad bouadary.
0 2 2  9*13“  Raddlab browa (SYR 4/4) ailty day. Soft friabla madium
aileky^ kUuxy roots. Huamroaa poraa aad root chawnala. 
Soma worm casts. Diftbaad bouadary.
B23  13-lS” Raddiablnoim(5YR4/3)ailty day. Soft waak mdat aub*
aqguiar Uocky. Sticky. Maay roots. Wamiiarad aaprolym. 
DIfftiaad boundary.
11*24“ Yallowlsb-rad (SYR S/A) allty day. Sticky, waak and
braaka to madum aisa crumb atructurad a ^ a g d a a . 
Numaroua poraa. gradas gradually to almost ftdly aaprdyta.
PrefUa No. Na*l*S
A  ^ 0*10“ Ifoakyrad (lOR aUty clay. Vary bard, firm madium
aubangular blocky. Weady frlabla. SUgbiiy midty aad 
modaracaly plaadc. Many roots. Otffuaad bouadary.
■ 44.
lO-iB** Ouskjr-zed (lOR 3/4) tUty cUy. Hard. MedRua aulMiigular 
blocky. Friable. Numezoue email pores. High bulk 
dseslty. Stldcy sad plastic. Few roots. Qaar boundary.
Bg 19-37" Dark rad (lOR 3/6) aUty clay loam. Vary firm auhaagular
* p-
blocky aad large. Sticky aad plastic. Friabla. Numerous 
$ anudl poraa. Dark root cbannela. Numerous roots. 
Diffused bouada^, '
Bg 27*34'* Dark rad (lOR 3/6) ailty day loam. Hard, iaxga aubangular
b lo ^ «  Slbfet to madbim addcy, ^dny cleavaga surfaces. 
Mediam alza numsroua pores. Small amount of Mprolyte 
material. Diffused boundary.
Cx 3 4 -4 r Dark rod (iOR 3/6) ailty clay. Large hard mibai^pilar
Uocky. Shiny aurfacea incroaaaa. With pzMsurc some go 
to a friabla m aterid. SUgbdy sticky. Amomtt of a^iroiym 
increaaaa. Otfbaaad boundary.
4H-** Dark red (lOR 3/6) ailty day. Amount ct aaprolyta
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ProfUe No. Na-1-6
Location: 1.45 mile North of Waihee School, turn West and proceed 0.2 mile 
then turn left and proceed 0.15 mile on trail up side of hill. Site is in a moderate 
to severely eroded area practically bare of vegetation.
47.
CU—tflcMioa: Htunlc Ferruglnoiis Latoaol.
Parant Matarlal; Reakliuin from baaic Igaaoua rock.
Qtmata: 40*70 inchea rala *• auhlact to aoma raia sM rly avary mootb wlto 
daflatta periods of drying aad watting.
Vagatadon; A few Iroowood saadlinga.
Elavatton; 300 • 2S0 feat.
Pbyaiograpliy; RMlIng to sloping ddaaactad low windward slopes of West 
Maui Mt.
Rtta*off; Rapid.
Remarks; Oua to axpoattra of ttda aoU through aroalon. a dabydrstad cniat 
whlMi la "alog'llka" haa formed as a "cap" on tha axittiag aurfaca.
Agx 0*4" Dusky rad (iOk 3/4 dry) silty day loam, aama color
(lOR 3/3 motet) cruabaa to a iOR 3/6 dry edori $pp—xM 
maaatva taut haa a taadaacy to tevalop a waak fine and 
vary flae auba^pilar btodcy atructura; slightly hard, 
a llj^ y  Arm, allghdy atldcy. a lii^ y  jdaadc; few roota; 
many vary fine and flno aad few madham tubular poraa; 
cocaa<» bard aartby lumps; commoa vary flaa gilatwiing 
i^Mcka; modarataly higfa hulk dmistty; dear wavy. 2*4
i t  - -  -
inches dddc.
Ajg 4 - r  O u t rad (lOR 3/6 motoO; attty day loam; with a craalud
odor of iOR 4/Ik appaara nauly maaalva with a tandancy 
toward a waak Oaa aad vary fina aubaogular btocky atnictora; 
alightly hard, friahia, alighdy adcky. alifhtly plaatlc; 
common roda: many vary fina aad flaa tubular poraa:
■* •'" < r '
coBUBOtt vary flaa gjUataaiag apacka: few worm caata; 
modaxataly ftrm*ia"plaea; nmdarataly high bdk daaaity: 
claar wavy. 3*4 iacfaaa thidc.
■5
Ajp 7-13" Dark rad (2.5YR 3/6  dry); ailty clay loam: duk  raddiab
browa (3.SYR 3/4) w hn mdat: aoaoMB atxucturalaaa araaa 
(maaalva) nod soma araaa of modarata flaa aad vary fine 
eubeagular blooky etnicture; allghtly hard, friabla. d l i^ y  
addqr* allghtly pladic: common rooca: few flaa aad vary 
flaa tuhuUr poraa; comraoa bard aart^  liuapa; BWdarataly 
dgh hulk dsadty: daar wavy, 4-7 tachaa tddc.
13-17" Ouk rad (3.5YR 3/6 dry); aUt loam, du k  raddiab brown
or
Bji (2.5YR 3/4) whu molat, with a aomawhat higher chrmna
«d»n craahad dry; nauly atnicturalaaa widi a weak medium 
and flna aubaagular tdocky Kxuctura: soft, vary friahla. noa- 
sticky* ttoa-plaatie: fSw room: m uy vary One and commmi 
flna tttbulu poraa: lew flaa iJtottming Apacka: low hulk 
daaaity; gradual wavy. S - 8  Inehaa thick.
4S,
49.
B22 19-25" Ourk rsdcUsh-brown (2. SYR 3/4) aad d«rk rtd (2.5YR 9/6) 
dry; gritty silt loam; w tk  braaklng aa medarata ftaa and 
vary Oat aubai^lar Uocky tuttciurc; soft. frUbia, 
•Ugfctly atleky, dtgtety ptamle; conmoo uactiag of room
T
oa clMvaga faooa; law h t| ^  waateazad rock fragmaota 
and pabblaa; ceminoa ilhivUdioa oitaaa: gradual wavy.
i
4-9 liicfaaa thick.
Highly wadharad Basic Igaeoua rode with OMomoo mattiag 
of roots oa daavaga focaa.
Ag 0 - r
Bj 3-icr
ProOlaNo. Na-i-7 
Dusky rad (lOR 3/4). loduratad hid aot ceroaotad. Ntnuaroua
I
worm casts. Hsrdm: tfaaa aurrouadlog matartol. Paw roots. 
Poroua, bcaaks dowa m silty day team, tto coimretloas. 
Worm casta mmaroua m oa^ to gtva aa iq^^iraot taxtura 
afgrsvaUyallty day team. SUgldy sticky. Bllty day.
Oode rad <2.5TR 3/d* Numaroua worm coats, vary porous.
r.
to 1/4** dlsmstar. Faw roots tbsa borlsoo batew. Brsaka 
dowa to aubsaguUr blocky pads of 1/4** dlamasar. Silty 
day loam. SBig^ tly •dcky.
50.
Bg^  iO -ir* Oislt red (3.5YR 3/6). Dark raddUta-broini. Numaroua
poraa, aooaa %tp to 1/2" dUunotar. Vary friabla allty clay.
Soma allghtiyttxtnpadateaak down ttadarpraaatura. Numaroua 
rooca. SUgUty addcy ailty day.
Bgg 17-25" DMTkraddia)i-lMrawii(2.5YR3/4). Vary wavy bguodary.
Numaroua aaprdydc placaa wtih widta Gwatar. Up to 6" .  
Noawaprdytlc maaaaa, raddlafa-farowo color aad hrmric 
down to angular peda of 1 /F  diammar. Numaroua amall 
pocaa. Small roota. Pada taraak dowa uadar praaauxa to a 
gravally allt loam. Appaara tbat thta layar caa act aa a hard 
pan. SUgfady aUcky aUty d^r whaa wat.
C| Tougbar tban abova. Numaroua aaprolydc p&ecaa tad
■■ V • - *
aqgular pada wMcta braak down uadar modarata paaaura to 
frUbla grsvaUy allqr loam. Faw amall roots wbldi follow 
cradca batwaw aapdrolytt aad bardar pada. UgU raddlab- 




Location: PuuHoku Ranch. 20 miles E of Kaunakakai, turn NE 1-1/2 miles
on dirt road on ridge to S on Honouliwai Stream.
52.
ca— iftetloa ; Iktmic FamginoiHi Latoad.
Faraat Matarial: ApfNuraotly davalopad from maiartal waatharad from aadaalta 
Cltmme; 40 • 60 lad «a . Cou^a of aummar suMXha dry.
PbyaiOigrMby: Oaady aloptog to aloptag low wiadward alopaa df Eaat Mdokai 
Mouatala. .
Elavagoa: 960 Im«.
Vaaatattoa; Ukiiyti. guava. Chriatmaa barry, Laataaa. Japanaae taa.
Eroaloa: Noaarottod at aanq^a alta: bowavar. tha araa ia daaply ladaad with 
oaaay draiaagawaya. aad aoma abaat aroaioa doag ridgaa.
Ramarka: Tbia ta aaar tba typa locattoa aamplad by Marvia CUna for pubUabad 
ad l aunray n fo tt . Tha pictura waa ramovad about 10 ft. away from tba 
aaovliag atta.
Ap 0 - i r  Dark raddlah*browa (SYR 9/2 molat. 4.S /2 dry) allty dar> 
wtroagi vary flaa adwagular bloeky atructura; Mtoky. 
idaatic. flna! maoy rooia; commoa vary flaa aad flaa latar- 
atittai poraa; few worm bolaa aad cama; bulk daaaity faaia 
baavy ta baad; many astramdy flna gflatanlag ^paeka
that are praaumad to ba Umaaita: abn^t amootb bouadary.
}
9 -1 1  laebaa tblde.
Bgx 11*16" Dark xraddlab*brawii (SYR S.S/3 mdat) haavy allt loam: 
weak medium aubaagular to maaatve atrucmre; vary 
aligbtly aticky, allgbfey plaatlc: friabla: many ftao aad vary 
tim tubular poraa: maoy roota: nortcoabie docreaao la 
bulk donalty Ikmn abovo: no gilmmiing ppodta: claar wavy 
bouadary. 4 * 7  iadbm tiadek,
Bgg 16*36" Dark raddlah-browa (SYR 3/4) attty clay: modarata Oaa
medfaitn aad coerae aubaqguiar blocky structuro: aticky, 
plaatlc, flnn: maay vary fiao pcaea; many ro o » : low 
poekoto of atiatorlal that lo frlablo and foola tlka cooroor 
uactura; daar wavy bouadary.
Bgg 26*44" Dark zeddlah-browa (2.5YR 3/4) alley clay: Btxtag vory
flna aad flaa aubangular blocky atrMtura; atldcy,
Orm: many roota: maay very fSao poree; many flna earthy 
luaibfe. probably Iron acgragetiott; neariy conrtiwiotia coating 
oa pad murfacaa that largdy appear like preaauie ottaaa, 
few look like patchy clay flowa; clear wavy boundary.
Cj 44<M" Dark roddlah*browa (SYR 3/4), nmttlad with pockata of
acroog browa, rod aad light gray Mcooopoalng rook fragmants, 
ailty clay loam: allgfely addcy* idaade, flrm , law roota:
T ‘  <
mai^ pocaa: oumeroua pockata that roaiataln rock atructuie. 
preeumed to be old wedherod gravela.
53,
Gg SImtter U color to obovo, oUty tkaf loam: maMlvt atnicturo;
aligfatly otlcky. plamic. frlabte: maoy pockota xnalntala rock
■s ■'
•tructura, proaumod to bt dacompoaiag graval: tha amouat 
of waatbtring rock trogamata lacraaaaa la Uda herlxoa from 
that af above.
Profile No. Ha-1-1
l .ocerlQe: jfuet Mwve foo Soimi Bast oorm u of Plold B-2, Plooeer Mill Company. 
She le 0 0  nMKika (Baet) ditch bank where ditch water etarta beadiag downhUl 
<Waat),
aaaalflcatloa: Humic Parrvginoua Latoaol.
EMvrntCtt; ' 1330*.
Vegtartoa; Natal Rafoop, Laataaa, Ouava.
Rainfall; 30-33” .
Phyatogrwhy; Mlddla, laaward ataep alopaa of Weet Meal 1/R.




Remarka; TMa le e moderately d e^  profile with eome removal of foa A 
horlsoa by oroaloa. -i
54.-
0-4" Dusky xad (2.5YR 3/2 mdat) wUb a entshad color of 3.5YR 
3 /4  molati ailty day; appears naariy maaaiva but davalopa 
a waak and vary flaa aubangular biocky atructura; hard, 
slightly ttrm. aticky aad plaatlc: few roots: common vary 
flaa and flat tubular porta: many vary flat gliataoiag apecfca: 
high bulk daaalty: digtdy flrm-ia-tdacai uadar hand laoa 
thara appMza to ba maay v«ry flsa "aaatf' graiaa on aoma 
pad faoaa; low worm caato; many hard earthy tompa; clear 
wavy. 2 * 4  iachaa thtek.
A j2 1*7" Dark iaddlsh*browa (4YR. 3/4 moiat) (2.5YK 3/4 molat)
cniahad color; ailty day; appaara naaxly maaatva with a 
waak flaa aad vary fina rahaagular docky atructura; alightly 
hard, fzlafala. alightly aticky. ali^dly plaatie; law room; 
maay vary ftna and flat and faw madfaim tubular poraa; law 
hard aartfay lumpa; high bulk daaalty; many vary flaa
:-V
^ ' gliataaiag apacfcs; few worm eatta: uadar hand laaa thara
i appaara to ha many vary flaa "awBd" graiaa on aoma pad 
facaa; abrupt wavy. 2 - 4  Uicbaa tfede.
Bx 7*13" Dark rad (2.SYR 3/6 moiat) ailty day loam; waak madium
and flat auhaagular blod^ atructura: aoft. frlabia, a li^dy 
Micky, allgfefly plaMio: Um roots; common vary Am and 
flaa tubular poraa; ciunmoa bard earthy lumps; few vary flaa
55,
56.
(eoattaMd) gUatmii^ apacka; maiiy vary tioa "aaacT gralaa m  pad facaa 
as aaaa uadar band laaa: gradud wavy. 4 * 8  tocfaaa tiddc. 
la -a r  Oadcraddtab4mnni(SYRS/4moiat)aaddwrkKad(2.5YR 
3/4 motet) silty day: stroag Oas sad vary fios sqgular 
blocky aad sabsngwlar blocky atroctiura: hard. firm, sticky 
•ad ptasUe, omomoa roota; commoa vaiy liaa wid fltia 
tubular porsa; thick patcby illttvltttoB cutami: mtKterotdy 
firm-itt’i^aca: gradual wavy. 8 • 10  tadtaa tbidc.
C. . 21-3(r Dark: rad 12.SYR 3/6 mdaU clay team: weak tloa aad vary 
fioa aubaMdar blocky atxuctura; aoft, friaUa. dlghtly 
atlcky. aUghtly plaatic: faw roota: 70-90% of thia borteoa 
la d^ity waaibarad Basic Igaaoua rode with tha dmva 
daacrtbad aoU mstarisl occurrtag ooly la tbs voids: 
gradual wavy. 8 - 1 2  Inchas thick.
Dj^  30"<f Modarataly to btghty waatbarad Basic Igaaoua rode af 
<10YR 2 /^  vary dark browa cd or; commoa Ulavtetloa 
cutaas sad sacoadary enioorals rsngiag from dark raddteh- 
browa (SYR 3/4 mdat) to duaky rad (2.5YR 3/2 moteG.
57,
ProfUe No. Ha-1-2  
Location: Just Southwest off the road on the Northeastern part of the Island 
of Maui in between the points marked Mahinanui and Mokechia on the soil 
map of Maui, sheet No. 1.
58.
Cl— tficatioo; ttomic Pami^iiious JjudmI.
El— tlea: Aix»d 750 feat.
Vaaetatioa; Gr— , Lad— .
RaiaftOl: 30-35"





Rematke; Thia ia «  modaxafiaiy aballow {nroflle wltti aoma ramoval of the 
A horiaoo by azoakm.
A ,. 0-4" Dark reddieh-brown (3.SYR 3/4) with * cniabad color of
(SYR 4/3). Silty clay loam. Subaagular aad vary firm 
aggregaiaa. Hard alighdy firm atick and pU dic. Maay 
roota. ComnMNi ouQiaroua tubular poraa. NUmeroua wmnn 
caata. C^ear wavy boundary.
A j2 4-7" Dark raddtah-browa (2.5YR 3/4) aUty clay loam with a
" f
cruabad c ^ r  of (SYR 4/4). Subaagular btocky atructura. 
Bivaka isto hard aggragataa that —  amallar thaa above,
*3- •»
Sliflbtiiy aticky and aUghtty plaatlc. Perw roota. M—  
bdHilar poraa.
59.
7-15” RoddUh'broim (2.SYR 4/4) witb cbftnoMa of m ligbfior color,
diatiiict coloration m porta. Cruataad color (SYR 4/4).
Firm aggragaiaa that braak lato pmcoa of 1/M” to 1/53” 
aiM. Silty clay Mam. SligMly aticky and pUatic. Paw 
roots. Otatinct cbanga.
Bg 7-13” Dark red (3.9YR 3/5). Vory friable. Nameroua dark brown
aartbwormcaaca w^Ucberavery hard. Pawfiaaroota. 
Stttyclay. Sligbdy aticky. Otadual cheaga.
Bj 13-18” Dark rod (3.SYR 3/5). Very friable sad very poroue. Silty
clay. M aoyrooa. Feweerth worm caata.
n
Cg 36-30” Dark rad (3.SYR 3/6) cruabad color almoatdiaaatnaaa
uncruabad* Softand very friable. Extxemeiy li| ^ . Noa- 
aticky. Silt loam. Room numeroua aad tbay are packod into 
cbaaaals. Ahonjpc change.
D 30”-t- Dark ted (2.SYR 3/5). Surface with borlaoo above it* is 
pecked wid compreseod nuawroue fiao roots. Sepcolyte 
of a dark browB color. Pew but dietiact red ooetlage oa 
eurfacee. Orades to weafoered rock material.
, i
Profila No. Ha-1*3 
0 - r  Dark xeddlah-gray (SYR 4/2) enaahad color of 5 YR 2 ^
ailcy clay loam. Medium atroag aubaagolar Mocky acructure.
60.
Hanl and firm . Fav madium rocH*. S lii^ y  iiiflh bulk 
danaity. Paw worm eaam. Oilfbaad bouadary.
A j2  S'lA** Daxic raddiah-brown CIYR a/2) crudwd color of SYR 3 /4 .
Silty day loam. Sonmg madium aubae^pdar bloclqr atructura* 
Hard aligbtly friabla. SUghfly atidcy aad digutly j^aatic. 
Vary few roota. Maay vary fiaa poraa. Faw worm casta. 
Diffused boundary.
B| 18-23*’ Dark nddiah-brown (SYR 3/4) cruabad SYR S /4. SUty
cb ^  loam. Wade madtom aidMui|pUr blociey. Soft, 
friabiai digbtly sticky and dlgbtly ptoatic. Faw roots. 
Commoa fins tubular poraa.
Bj 23-3(r Oaxk raddiah-brown (SYR 4/4) cruabad SYR 4 /4 . SUty
clay loam* Waak. Flaa to madium aubaaguUr btocky. Soft, 
friatda. Slightly sticky aad plaatic. Dtlfuaad teuadary. 
30-34“ YeUowlah-rad(SYR4/6)cruahadSYR9/». Clay loam.
Firm madium aubaagular blocky. Prtada. digbdy micky 
and slightly plaatic. Fair amouat of partlaUy m thared 
parent m aterid.
0  U '** YoUowiah-nd ( m  S /6 ) to (SYR 5 /3 ). Moderataio
highly wtatliaied baaic igaaoua rock. Mcoodary mlaarala 
raagias m color from yoUowtab-rad (SYR S /6 ) to aimoat 
{Mtla yaltow, raddian-yallow (SYR 6 / 6).
ProfUt No. Ha-1-4 
0-S" Duk rMkUah-bxowa (SYR 6/4) crualwd color SYR 6 /2 .
S u n d a y  loam. Strtag madium to fine aubangular blocky. 
Hard, firm , allghkly odcky aad pladic. Vory lav rotHs. 
Vory fiat tdwiar poraa. Diftuaad bouadary.
A j i - i r  Dark raddiab-bromi (SYR 6/3) cruahad color SYR 6 /3 .
Silly clay loam. Stroog, j^ iu m  etOaeaguiar blocky.
P ino, dightly adcky aad aligbdy fdaatic. Fov room.
Flat ttfeular poraa. Soma worm caats. Diffuaad bouadary. 
6  ^ 12-17" Daik radbUah-bzowa (SYR 6 / 6 ) cruabad color SYR 6 /3 .
Silty clay, modarata nzoag. Madium aubaogular blocky. 
Slifhtiy aticlty and moderately jdaadc. of roota.
DUfuaad bouadary.
Bj 17-26" Dazfc roddiah-brown (SYR 3/2) cruahad color SYR 6 /4 .
Clay loam. WMk. Madium aubangular blocky. V«ry 
aUghtiy Micky. Nmi-iMatic. Vory friabla. Floaty d  
zooco. Flaa mimorotta pmwa. CMar bouadary*
61.
I ' . .
»  - ■: - ■....
i-.
VV.:
» -2 9 "  YoUovUfa-fod <SYR 4/6) cnwlwd oolor SYR 6 /6 . CUy
loam. Modersia taedUro aubeaguUr blocky. Vatyatlcky 
aad a llfb^ p U atlc. Fav rooca. Soma aaprotyta. DIfbiaad 
botndasy.
29-S r RaddUh-l»o«B(6YR4/4)crttabadcotorSYR8/4. CUy 
loam. Modarata owditaa aabaafuUr Uoeky. SUeky aad
pUadc. Faw r o o » . Mora ai^rolyia. Fiao aumaroua poraa.
... • "  .* -
IlhfftMad touodary. 
ir<i> M dU b-brofn(SYR4/4)m U odw iCb8YR6/lm atarU l.
Hard madlam aabaagttUr bioefcy. Sticky, pUacU. Moxa
.. . -w
aapaolyta. Soma dilny cUavagt luaa.
62.
•• ... . •
Mlaaralofical AaatyaU 
om w rnoM  TTiarmal A aa^ia
Tha dlOoraatlal cbarmal dUframa of tba wtoU ooU abow a vary broad
o u r a a a U f^ a t a M  lOQPc., raachaa a maxiaBam at ahool4Q (fc.
• • If.f ••W’- « 1 . -T- . . ,v: .
aad Choa dacraaaaa vary a m o ^ y  op to lOOCf C . Aeeasdlag to Grim# ouch 
a curva U oflaa anrlimMbia to arpaU  mattar, fanous Iroa or "amorphoua" 
m aiarul. U ardor to aadafatami thla phaaomaaoo hattor and ohtoU mora 
tatocmatloa tha atol waa traitod with HgOg i»r  a long ctma to ramova orgaaic
'i- -- "
f
maOtor. Tba aoll waa alao aapaiatod iato tba attt aad eUy fkaecioaa U ordar
J'
63.
10 eooeantsMt tht mlotsaia. l l» O .T .A . cuivMOfttm H ^tiw U Bd MmplM
(Fifitiw i  ami Plfitiw 4 4 c ooc otoow ttm brood oxotfatrrolc pu k  monttoood obovo 
’ ■ "■* 
blit gtvM tbo pMko dmsaciMriacic Isr mbw m loonlo.
---^ 7 A ’ :.„iA
Pigttio 1 obowo tbo dittsfoatid teonad p m ra a  o f tbo Ndwa aorlM soU 
pdrofUo Ite. hd-2-4 from Molokai. TM ody datemtloa teat itouU ba lunrtvad 
at la teat tea btoad oadotet fad e paak atertiag axouad TS^C. la tew to tea 
peaeaaeoeforpMUcroaeer.^ The teat of tee aamplaa note taeaied Witt
 ^ 7. i
10 xamova oxaiaie mailer aad tea dillM M tid tearmd aaateaia waa doaa oo 
tea allt aad cdoy'fradlaoa af aaeli of tea four proflhHi. 
r  ^ PlgMM 3 aad 9 abow tha O .T Jk. pawtxM of tea Nalwa aartaa aoU pnlUa
,. • -.-i
No. Na-2-4 frma Molokai. Bate of temn dww teat tea aoOa art d d i la
./ ■
amoxpliBua m aiarid. Tha' w tiM a boriaoa baa tracaa of goatetta aad tela 
ameaallaciaaeee With depth. Tha abaaac i of Kadtaitic daya la aly itflcaat 
la tea pfofUa.
Flpupaa 4 aad S ahaw thi D .T .A . panaraa ef tea Hdawa aadaa aoU pro- 
fUa from M d o l^ . Haxa tea amooai of amorplwiM maaeild ia maeb laaa ttmn 
lathabtalwaaellaltiatdaacrlbad. Tba amouat of paateiaa lacxwaaaa up ao 
Ha-2-4 aad dacieeaae appaeclably. Thia loaa af paatelaa la H a-2-i aad 
Ha-2-6 ia made up by tea praaaaca of a fair anwiat of balloyaiaa, vtelcb la 
vary law latea auxiaoa barisoiia. Tha O .T .A . patana of teo adt fraetloa 
(Plgura 4) eouM iadicaaa teat teera la a miatuia of goateiio aad gibbaiaa aa
64.





DIFFERENTIAL THERMAL ANALYSIS OF MOLOKAI-NAIWA 
SOIL PROFILE - ORGANIC MATTER NOT REMOVED
FIG. 1. Differential Thermal Analysis of Naiwa Series 
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FIG. 2. Differential Thermal Analyses of the Silt Fractions of









PROFILE NO N a - 2 - 4  CLAY FRACTION
FIG. 3. Differential Analyses of the Clay Fractions of
Profile No. Na-2-4.
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FIG. 4. Differential Thermal Analyses of the Silt Fractions of
Profile No. Ha-2-5 .
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FIG. 5. Differential Thermal Analyses of the Clay Fractions 
of Profile No. Ha-2-5.
diplh b w n u M . A oooa of kMUalta is tndiratid in Ha-2-4 (Pigara 5).
; Plfusaa 6  and 7 abow liia D .T .A . pam nn  of tfaa Naiwa aarit* soil 
psoflla No. Na-1-6 from MMit. Tiw amouat of amofptwus maaarial io larga 
•ad It wodo 10 laeraaaa with doplli. Tfao aadothanaic paak at about UO^ ’c .
'  ■ t-
la broad aad lacraaaaa la araa with di^ich. Thia could ba dat to tfaa fact 
tfaat tea owaarlal ia vary flaa and rataiaa more of abaorbad moiaoiia. whicb 
ia taiaaead at teat aamparaiaio. A mixtara of goateiaa aad gilibaiia ia iadi- 
cMid wite tea amaaat o f foathila lartaaeing lowarda tha aurteca and tea 
amoaot of gifabaiaa iacxaaaing with depth. Tlwcw ia aa appiaciabla amaaat
af haaUa ctoya which dacraaaaa vary alighdy wite dapth. la horlaoa Na-t-A■ ■'.• .... ... ' ' ' • - *
tea amoaot af gihbaiia la tea Ugbaat aad kaolfai tea lowMt.
FlgaoM • aad 9 ataow tea O .T  J i. patiaraa of tea Halawa aariaa aoU 
fNTofUa No. Ha-2-2 from Maoi. Tba aawuai af anaorpboua malarial ia bigb
f.
aad lacraaaaa with dapte. Thara ia ao indicayiaa af tea praaaaca of goatelia 
IMt teara ia a la r fi acnoaat of gtebaiw, aapaciaUy ia tea aiU f r a c ^ ,  teat 
lacraaaaa vary mach ia goiqg from tea surfaca faonaoo m tea O hmrtaoa.
I*' ^
Tba aianaBt of kaoila praaant ia aot aa graat aa gilteaiia. Tba kaoUaooowat 
dacraaaaa coaaMarahly wttb dapte.
X-Ray Ddracttoa Aaalyaia
Fignroa 10 aad It abaw tea X ray patiama of tea aUt and clay froctiooa 
o f pcafUa No. Na-P^A. Tkara la aa iadicattoa af tea prsaaooa of qaans la 
all tea borhwoa but tea higbaai amount ia aaan ia tea faonaoo No. Na-2-2.
69.
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P R O F I L E  NO  N a - l - 6  C L A Y  F R A C T I O N
FIG. 7. Differential Thermal Analyses of the Clay Fractions
of Profile No. Na-1-6.
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FIG. 8. Differential Thermal Analyses of the Silt Fractions of





PROFILE NO H a - l - 2  CLAY FRACTION
FIG. 9. Differential Thermal Analyses of the Clay Fractions of
Profile No. H a -l-2 .
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FIG. 11. X-ray Diffraction Patterns of the Clay Fractions of
Profile No. N a-2-4.
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Hamatito ia alao praaant in ail tfaa bonaooa aad ita amount dacraaaaa gradually
wife di^ife. Gfebaiii ia inrttraiart only ia fea Na-2-t liorisoa. Tfaan ara amaU
>•
aoMMKtta of iUniaaila. maghamtta aad paaudobrookiia in fea flrat four borlaoaa. 
A vary iaiaraating point la feat horiaoa Na-3 I  wfaicfa haa fea greaiaat amount 
of <iaarti alao Itao feo graaieot amomit of ircm and dtnaium «dda.
Flguraa IS aad IS feow fea X x tj patlaraa of fea ailt and clay tn cO o^  
o f prdila.Mo. Ha-S-S, rtapwetlraly. Quaxta ia |»oaaot fe aay aoticaafala 
axiaat only ia faoria^  Ha-2-1 aad Ha -S-S. Itii amount of faomattto ia loaat 
on fea aurface. lacraaaaa aliglfey la fea B horinm aad docraaaoa agaia. Tho 
praaaaca of baiioyaita ia tba laat feraa borisooa ia iadlcaiad aad its amount
A- t '
lacraaaaa ia tba laat two boriaoea. Ttera ia goafeila ia fea fural Jour bortaooa, 
ibougb ttt aataU amowBta. Tba clay fractioa abowa praaaaca of kaolin ia amall 
amonaca la all horiaoaa. TIai baavy oxlda mlaarala illmaaita, magrarita aad 
magfemlia ara fouad only ia fea auziacw boriaoa. Tba amount o f Ulmonite aad 
paaudobraoklta la i^pradabla ia fea A bortaooa. Ia feia pzotUa alao tba
‘ j.
tttaaimn and Iraa ootide mlaarala art concaatratad la fea aame bartaon la vrtileb
' ;• .?• • i
fea ptartt ooaitat ia bigbM .
Flguraa 14 aad IS abow tba X-ray patlcraa of fea aUt aad ckqr fractuma 
d  prdllo No. Na-l-lk ramfeotlvoly. A bigb parcratagi of quarts la iadleaiad 
la fea horiaoaa N a-1-I, Na-1-4 aad Na-I-S, loaaor amouata boiag pzoaad 
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FIG. 13. X-ray Diffraction Patterns of the Clay Fractions
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FIG. 15. X-ray Diffraction Patterns of the Clay Fractions of
Profile No. Na-1-6.
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to tiw Um  two torUoM »  any tM tat., Tba anaount of haiaatila U Uzga aad 
dacreaaaawitbdiqitiiliibotottiaalltaiidcl^lM etlOQa. MaifUmila aod 
rucUa ara piaaaM la vary amall amouots. tha amoimt of kaolU U amall 
aad Ita amooat (teraaaaa wtto dapch.
Flguraa 16 aad 17 tba X ray patlana of tha allt aad clay ficactloea 
af prdSU No. lU -l'S , rMpaottvdy, Olbboiia U praaont la appradMaU 
araooaie U all tortaoaa. Tha amouM of baaumia U vary amall aad goachlia 
la preaaat la vary amail aamuata. QaaitB U prtaaot U tha flrMftva horUoea. 




Thte aactloaa war* mada of twalva horUooa aad wfaaravar poaaibU a ttilo 
aactuo waa obmiaad of oach of tha A, Baad C horUooaof oach pcollU.
Tha thu aaattooa ladUaia thM thara ara oariau diOariacaa batwaaa tha 
faurpcoftUa and alao ahow aoma almlUrltlaa batwaaa them. ProfUa No.
Na-a-4 aad Na-I -6  ahow tha preaonoa af opaqaa mioaraU thM oould ha aithar 
lUmaalte i t  m agpii^ . Thara la a chdialta ooocaatratiOB of thoot miaoraU 
U toaA hariaoo. PraCUaNa. Ha-l-Saliowad toaUaMamouMOf thaaamiaarala.
la tha B harUea. it waa aadood thM tha amoimt of poraa iaertaaad and toa 
amouM af iraa aatoU oaathne laeraaaad. Tha numbar of poraa ware maay
aad U fgar to toa Naiwa aarUaprofilaa. Thia mlgtit auggaM that to toa Naiwa 
aarlaa paofllaa toa B hariaea haa darlvad fiom  a malarial toa tobrto
-
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FIG. 16. X-ray Diffraction Patterns of the Silt Fraction of
Profile No. H a-l-2 .
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FIG. 17. X-ray Diffraction Patterns of the Clay Fractions
of Profile No. H a-l-2 .

OSCUSSK>N
Tto pcopMtlaa aaed la the cU—Iftcatlcwi of fcUa m  ouO M  by Mubut^
have oat cbaagad mueh abwa tb n . Thaaa piopaztlaa fall lalo t«o  gioupa:
f ■ ■5c.-
1 . ThapropeftlMOf foa aMlbody.
2. Tba propartlaa of Ita ladtvldual boriaooa. 
Unter tha paopaftiaa of tha aoU body wa haoa:
1 . Nwidmrof borlMnM la W  iNdl paMUa.
2. Ratattveaxaaagamoatof tha barlxoQa.
S. Tim thidciiaaa of the trao toll..
4. Ooologyof thooattaaaorlal.
Uador tha paopaattaa af tte aoU hartaoaa wa haaa:
5 . TOaliiBa 
#• Sim etara
■ ' • '• J W : ■
7 . Color
t .  Choadcol oompoatHon
9 . Thielmoao
10. Charoetar of the toll matarlal
Slooo Moihiit*o ttnm the ooacopto aad crttarla tiaad la aoU claaaiflcacloo
h ay  aodariooa cartala chainaa. Whltaalda^^oooaldaratham aaaddiuoaa
10 tha already axiaili« Hat of propardoo or roflaomonto la tha propordoo
- V :  •'
Chat ware alxMdjrteliigttMd. The aott pxollla waa cooafclaxad aa a dynamici'
aatnxal body and aoma of iba addidoaal propavtiaa uaad in praaant claaalll- 
catioa ptaeadaxaaa iadapaadaacvariablaaof tha aofl ayamm. TUaaawidaa 
ftaaa aa tea poaaibUHy of fbaias tea gpm tte aad daaertedva ayatama of aoll 
clasellleatioo. Tida coaoapt gtvaa ua a batmr uodaratandlng at a aoll iadivi- 
daat, a padoa aoU typa aad aott aarfaa.
Tbo aoOa oodar atudy baaa baaa ciaaatftad aa batonging m tea Homic 
Pamigiaoiia Latoaol giaat tail group.
I . Chamleal and piqraleal propartiea;
Tba four profUaa atudlad baaa a coaoaateatlon of baavy mtaaftla bi tea 
nppar part o f tea aoUan. Tteia No. I ahowa teat tea iroa mdda coataat ia 
bighaar ia tea A batlaoaa. Tba tttaatum oxlda comoot, alao, ia bigb ia tea 
Abormana. TbMa 8  ahowa teat ia tea inroflia No. Ha-S-d tea tUaaium oxlda 
oooaaathitea AbnhK H iia.m otaaaateraathoaateailathaBbariaao. Tba
t.
•urn of iroa aad tHaaiwa oxldaa ia higbaat ia tea A bariaoo. laproCUa
«•
Ha. Na*l- 6  teara ia alaa a caacantm ioa af iroa aad titanium oxldoa ia tea 
A boriaoa. aa obowa la Tbtala S. ProfUa Na. Ha-1-2. alao, foUawo tea oama 
pattam. teou|^ tea valaaa ata pxoportiooBady amallar.
Tha marpbologleal daocriptkma of teaao faur prolUaa aad tealr bulk 
danattiaa (Tablaa S, d . 7 aad i )  obaw teat teaaa pxolUaa coaaiat of a tela A| 
hariaoB, a mawrtva aad onanb-atrucmirad A^ hortaoo teat ia high la IwUc 
daaolty aad aaaiuvial boriaoa. Wfaotbor thia B borlaaa la graatieally raiaaKi
86.
to tiw uadactylag puM t nuKaxlal U a mattar of coMocturo.
Tha aaxt map la daaaUytag tba aolla of tbaaa four profllaa uadar dla* 
cuaatoa la to aaaign tfaam ta a family. Tha aroaa la which tbaaa aotta oecur 
raoatvaaoauHialrataifaUof abot«45 • W . Tbia cbaractor of tba aaviroa- 
maot doaa not parmlt tbaaa aoUa to ba claaatflad lato tha Mataaaa* fantUy 
of tha Huaolc Farxugiaoua Latoaol group. Tba apparant taatura of tbaaa 
•oAla tndlcatad that tbay ara allty daya. Tha aoUa of tha Haiku** family 
bavo a d a y  ioataad cf aailQr day profUa. Thia characttr doaa aot pandt 
thaaa four profllaa to ba ooaaidarad aa baioagiag to tha Haiku faaally.
Tba oaly other family ia tba Humlc Farruginoua Latoad ta tba atn|0a 
aariaa fdally • Pdd.*** Tbaaa aolla bava a ralmlvdy low conoantmloo 
of boa^ . raatataat mlaarala la tba aurfioa layor. Fxoflla No. Ha-1*3 
baa rather a low ooaoaotratloa of baavy, reaiataai mimrala ia the aurlaca
87.
*Soila of tba Mabma faaBlly occur la tba driaat ragioaa oconptad by 
Hmntc Partugiaona f.atoada. The anaud pteclpiiatloe taagee from 25- 
4 T . SoU iunwy af dW Tatritoxy of Hawaii, U .S.D.A. Sortaa 1939 No. 25, 
1955, page 434.
**8 oila of tba Haiku lOailly ara Humlc Parnqdnwa Iwtoaoia aa atroagly 
dowdopad aa the aolla of tba Nolwa faadly but they bova dayoy laatoad of 
aUty profllaa. 8 aU Sum y ef tba Territory of Hawaii, U .S.O.A. Sorloo 1939 
No. 35, 1955, poge 446.
^*Pttbi oorloo • 3ott Survoy of tbo Torrltory of HawoU, U.S.O.A. 
aariaa 1939, No. 25, 1955, pago 457.
layer. Hite gtvee rk e to oono doubt m  io whtcbor clilo ooU profllo Io
^  . a
o  Bwtnber of tfao Publ flunlly or Notwo fually. But. U wo condctor* •«;-* -t:. ■ .t-
profile No. Ho-1-2 oo tbe looot dcvdopM of the Nohro foailly. there 
might bo oomo juotiflcoiloa In j^aclag It la tho Noiwo fomlly. For tbo 
mooMnx. lot uo ^ oco It la tbo Noiwo (Omlly oad tzy to dotoraiao wfaocbor 
lea proparrtaa ouka It poaathia for It to be placed la aitbar of the tfavaa
t
aariaa af tba Naiwa faadly.
Slaea wa are goliqi la maka uaa of the propartlaa af tba four profllaa.
It would bo aacaaaary to flad out bow dapaadabla tbaaa propartlaa are 
aad bow algalflcaat ebay axa In tbaaa aolto.  ^Tbaaa aoUa are fouad ta 
araaa wbara tba aoU-fonalog procaaeoa art moat acctva aad wa could 
aapacx the removal at atllea and ahimlna from tha profUa with tfaa raauUant 
anrlctaaiaat ia aaaqul ooddaa. With tbla p r la d ^  la aaladl. It la poaalfala 
to millM tea varying amounta of Iraa. clCMbim, elllce ead oxldee
•a tha dlllareailatlaB eharactaxlaclc. The oihar cfaamtcal, {teyalcal aad 
mlaaralogleal propartlaa caa ba uaad ao aecaaaory propardaa far tba 
claaatflcarton of ihaaa aoila. Tbla machod would alao place mmra raliahflUy 
oa tba propartlea ia quaatiaa. A look at Tafalaa 1 to 4 wlU abow tbot high 
vakwa for icon and ttwntam oaldae cnn ba rdaiad to an Incranea la tea 
ameaata of iroa aad titaalum ndaarala aa daducad from tea O .T .A . aad * 
X-nqf poitaxaa (Flguxaa 1 • 14). A bigb amouat of Iron aad tltaahim oxldaa. 
ao tadioaiad la tea total aaalyaia. la alao nduad to m  iaeroaaa la
88.
doatltjr. Slnltarly* tba borlmna chat I m  blfb bulk d«Mlttoa abcMr a
atrai« atnictura aad borlMoa that ara friabia g|y low balk daaatiy
■*
vahiaa. Cadoa oaehaago oapwity, organic cnrhoa contoat and pN nro 
nlao olmllorly rdoaad.
Tba ninaraloflcal data aro acmt-quaiitltatly at haat aad la tha dla- 
ciiaalcn la la d y  valuaa la coocaatratloo will ba dtad.
Tha acll aarlaa^ la a groiqi of aoUa havlag aoU horlsooB Maillar la
89.
diliaraartarii^ eharactcrladca and arrangeaw tt U  tha aoU p rofila . oxcapc
lor foa eaanuro of foa aurfaoa toll, aad davalopad hron a parttaUar typa 
of paroot naiaxlal.
Baaod oa dda daflnldon of a mM oorloo. It ohoitld ho oapoccad that 
tha pfolllaa Na-2-4 aad Na-1-5 h ay aoU bortxooa aUnlUr to dlfiarootiat- 
lag ehariciarladea and arraageawai la tha profile. Thaaa two piolllaa 
abenld a la og iy  avldaaea that tbqr art formad frcan aimltar paraat aaaiarlal. 
la tba ertaaita uaad ta pladag tbay  aoUa la caiagorlaa aboy  dw aorlaa It
W M  oondndad that thaM  aoUa aro locotod la  a io M  o f o latllar clim atic
ooadililoM  oad chat thara bM  baon ao kt cllnuuo
tholr form actca. The e ltM  from  w h e y  theee two profllee w era aelected  
bad similar topography, M  auch. topographir m  a aoU-fonalag tector
V.
eaoaec h adlfiaraat la th e  tw o p ro fllM . II tim e < « the rata o f aoli fo rm a - 
d o a  woe a lm llar la  the form adoo o f dwaa two p ro filM , wa abould not m pect 
w  find aay algidftoaat dtfiOroacM  la  the propardM  of thaaa two p roO lM .
However, fUgfat variatloa la ttma or rote of toll formatioo aocoaaarUy 
roaoU la a raaga of valuaa of aoll proptrtloa.
Chanrtcal and Pfayalcal Pxoportlaa 
Maoa wo know chot, ao tko aUico aad alaalna ara ramovod from tba 
A horlzoB tba amount of Iron and tltaaium mlaarala bacomo concwitratod.
It would bo xoaaooahio to oonpaxo tba Iroo aad tltaatam mlaaral cootonta
...
Of tba Ag borUsooo. Ttaaaa atnounro will alao tadtcoto tba dagroa of davolop- 
BMoa M tba proflla. Tablao I aod 3 dww feat fea raqga d  FogOg acouaaaa- 
Hon to fea Ag herlaon la 64.19%. to 32.13% aad fea ranqjo ofTIOg la laoa to 
proflla No. Na*l*6  brlago uo to feo cooclualon feat feat profila la laoa 
davolopad feaa Na-2-4* Tatoa 1 and 3 alao abow feat fea ametmr of SlOg la 
tba A2  bortaoa at Na-2-4 la 11.97% wbUa tba StO^  ia (ho borizoa of
No-1- 6  to 24.11%. ,taDBltoiiy, feara ia m  lacraaaa to Algpg toon 4.97% 
to M.11% to fo M  ^  Ag boriaoo of Na-2-4 w  fea Ag of Na-1-6.
If wo are to look Itoo fee occMomry cbaractortmuw of feo Ag bortaooa 
af No-2-4 oad No-1-6 * N to notlcoobio feot fea cation axcbaogo 
toeraaaaa, aad ab doaa tba oxgaalc earboo aad pb aa wo go from Na-2-4 
00 Na-1-6. Pam de donalty and bulk daaalty dacraaaaa aa wo go from 
tbo Ag bortooo of No-2-4 to Na-1-6.
Having cottdttdad feat profila No. Na-2-4 la batter dovMpod than 
No-1-6, tba aaxt mtp la fe dotoda oa tba Undta to tha raaga of pnqM tloe 
feat could ba allowed wtthin tba aarlaa. Bacauaa of feo fact feat only two
90.
91.
proflUw of tte Naiwa family ware studied aad tihay are from two dfforant 
lalaoda. It would not bo pooalbla to lay dowa aay daflatta raagaa la 
proparttaa fOr tha Natwa family. Howtvar. wo could eom iato aomo of 
tiw mmqptadogtcal ebaraetara aa ad l color aad bulk daaalty with tha 
chamlcal aoalyaia. Baaad oa thia concept. It may ba coadudad that out 
of tho prottlao amdlod, proOlo aoa. Na*a*l. Na-8 *2 . and Na*l*S aad 
Na*l*7 all oonld bo daoatflad aa belonging to tho Naiwa aarlaa.
Tha dominant forcaa at aoU formation la tha two profUaa Hn-2-5 
aad Ha*l-3ara:
1 . The ranoval of aiUca aod alumtoa.
8 . The accumulation of Iron and titanium mlaarala.
Thio troad la daarty viathia tf wa ara to look at tablaa 2 aad 4. Statiattca 
la thoaa tablaa ahow thM thoro lo aa lacraaaa la atUea aad alumina wito 
dapth nddta toaxa la aa lacraaaa or aa accumulation of Iroa aad tttaatem 
mlaarala ia tte Ag horlaoa., If wo arc to compara tha amouata of tbooa 
mlaarala la the two proAlos, wa find that ia the profile No. Me-2-5 the 
amouat of PoaPg la 48.M fl la tha A borisoa aad la Ka*l*3 ft la 32.2l9i. 
la tha aama two borlzooa tha anouata of TKig 31*82% aad 4.98% l«r 
proflla Naa. Ha *3*8 aad Ha*l*3« rw^pacftvdy. Tho ameuam of 8IOg art 
13.88% aad 14.78% and tha amouata of AlgPg ara 7.73% aad 34.47% loapac* 
tlvdy. Tbaaa llguraa a ^  that la iwofUo No. Ha-3-3 tooro la a grwftar
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conoaotnKloa at troa aad rttaalum nolaarala aad a graaaar nHnoval «f 
•Ulca aad ahuniaa fzon  tha A boricoa. Tbaiafora. wa may ccaciada that 
proOla Ha-2-S la bmm davalapad tbaa profUa No. Ho-1-2*
Tablao 6  aad • also abow that tiw A barlaoa of proOlo No. Ho-2«9 
bao a loaaor catloa axebaafe capacity aad a looaor oxgaaic caibon cootaot 
tbaa thoaa ia tha A berlxea of H a-l-3. Tha pattida daaalty vaiuaa aad 
tba tmlk daaalty valuta axo alao tdghar to tha A borisoa of Ha-3-S. Thma 
alao aboar that prollla No. Ha-3-5 ia hattar dovolopod.
Hoviag coodadad that profUa Ha-3-5 ia hattar dovolopod toao pmUa 
No. Ka-1-3, tt ohottld bo aov doddad what raaga la iha propaxtlaa abould 
ba aUmrad wltbla tba aotiaa. Aaalyticd dau from oaty two profllaa of tba 
Halawa aariaa doaa aat ponalt daftaiag Utalta of tha propartlaa that aro 
conaldarod in^onaat la tba davalapiDaat of tba profUa.
If wo oro to corrdata aoch moxphoUvicd cbaractara auch aa aoAl odor 
oad apgoroat bulk doaoiqr of Uw odwr Halawa aariaa profUoa. it would ba 
pooalkla to aay tlwk pn llla  Noa. H o -l-l, Ho-1-5. aad Ua-1-4 would foU 
wUUm Uw profilae Ha-3-S aad H a-l-3 aa rogarda tha ddgroa of davdoptaaat.
At Uda ugo wa could coaeluda that profUa No. Na-2-4 io bacm  dovolopod 
tbaa Na-1-6 aad profUa No. Ha-3-5 ta batiar dovolopad Uwa H a-l-3.
Wo alao aotica that la oiHoparii« Uw two battor dovolopad profllaa Uwxo 
aro diotlact otmtlariUoo httwoaa Uw profUa No-2-4 oad Ha-3-5. Tafalaa I
•ad 3  abow tbat ia tba A hecisoo tha dtffexaaea ia tea antouma of Fajpg 
acounuladon la ooly 11.48%., Tba dlOaraaca la amount (rf S40« la .08% 
aad teat of AlyOg ia .48%. Tba dillaraacaa la tea anKuat of c .a .e . ia 3.80%, 
that of otgaMc cariMO oooaam, O.S8%, particle daaatty, 1.48%, aad bulk 
danaity, 0.18%. Oafy tea HOg coataat abow a damdad diffaranca af 14.44%. 
Tha particSa daaatty of proOta No* Ha-2-5 to bigbar teaa t e «  of Na-2*4.
Tbia could ba bocauaa of tea high TiOj coam t ia Ha-2-5.
CoB^NUrtaoa of tea proparttaa ot Na-1-6 aad tfaoaa of Ha-3-5 abawa that 
ia aocaa raapacta, aa bulk daofrtty aad TIO  ^accmnularioa, Ha-3-S could ba 
coeeldarad better devaloped teaa N a-l-8 . Bm la tea paorpboUglcal daacrip - 
ttoo, wa aoitoad teat proOla No. Na-1 - 6  baa a chnuBa af IlUL, wtatia tea 
prolUa No. Ha-3-5 la laaa rad. Tba apparaot taxtura of tea Ha-2-5 la 
more clayay teaa teat of Na-1-6. Tbia fact makaa oa coaciuda teat teara 
la aa,ov«rlapping of |»opaztew batwaaa tea miniipai Nalwa and tea maaamal 
Halawa.
Mlaeteloglcal Propardas 
la diicuaai^ tea mlaaralogy teaaa aoila H abeuld ba ramambarad
i - ' -
teat tea aamplaa wara traaiad wUh Hgl^ durlag tea raom al of osgn le 
mattar. Tha otfoalc matter waa ramovad fmr two raaooea. Wlthom tho 
iWflMaid of oqpude WMWar a good dli^aiiHoo waa not poaalbla. Alao, la 
tea ptaaeaca o i oigaale oMttar, tea O .T .A . panama iteowad a broad 
esetearmlc paWc Wbbte laamrfarad wlte idaatifyiqg otbar charactartatic paaka*
93.
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A f«|wr«(l0B boo attt aad ebqr fn cd om  waa uadaxtakta bi acdar to ooooaa- 
trata tea mlaarala la aach fractloo aad alao for a batter Idantifloadon of tea 
clay mlaarala.
Tlia dlffaraotlal tfaanaal pattarai abow. teat la prolUa No. Na-2-4 
teaza ta oaly a aaiall amomt d  goacblM aad tea ahaaata af kaalla la
•: -i
aodoaabta. Tba fact teat la prafUa No. Ha-2-5 teara la a datactabla amoimr 
af fotablie la borlaoaa Ua-2-1 to Htobwa Ha-2-3 wite a aligfai additloa af
■ .J-'
aoaaa glbbaba la borlsaa H i-2-4 Md teat la hoirbiM No. Ha-2-8 aad Ha-2-4 
teara la a M r aomuat af hallyoalta, ahowa teat ia profUa Na. Ha-2-S teara 
la tea fonpattoa of kaaUa aad ahantoa m cmtyarad to laroftta No. Na-2-4
which b M  laat Ita kaeUa aa4 alom iaa m  a raaolt o f fttrtear waocbarlag.
A ceord laf to SlwrBSM^^teara aboiild ba m  lacraaM  o f Iroo aad tttaaktm
la a a ila w ite ig a . T abiM  I aad 2 abow teat t e e ^  tha parcaataga a f troa  
la  hlgkar ta  praOla N a -2 -4  tea amoowr a f tttM ltoa (at laaat la  tea aarfaea
V ^ - I
bortxaaa) la  kighar la  H a -2 - 8 . Tbla coold raaM  tbak ta teaaa aoUa tea Iroa
eoaeaal la  tee profUa Ineraeeae w ite dapte bat tbe pettera o f tltaabiroaccum u*
bttiaa aaaoMi to  ba dcpaadant upoa aom a atear factor baatdM  ig a . Sharm M ^^
alao acaaoa teat tea llaal ^ o d u c t o f waatharlag ta teoaa aof la la  a  "laaarlta  
exiiat.“  T k ^  lataxita e ia a t m  aaaa m  tCaaal bM  aa accm nalatloa a f iron  
but aot titaalum . Ia a ro M  w bara thara la m  accunudatioa af titaalum  m  
w d l. tfaara la  a  proaouooad dry aoM oo or tha au rfioe la bora o r tiiart are
V-
with dapth ahowa that paoHla Na-1-6 baa davalopad bayead tha atiga of 
kaoHa fonaatUai* wblla profUa Ha-2-3 ia ad ll ia procaaa of np ld dovolop- 
maot aad thara la o daeraaaa of kaolin with dapch.
Tha X-ray data atiow aa incraaaad amount of homartia In prollla 
No-l-6 aa oomparad to Ha-l-2 aad thia could accouat fu  tha oolar dlffaraaca 
batwawi tba two. Tbo aaaouat of quarts iaprofllo No-l-6 oould bmoo that 
It la baoar davMopad than profUa Ha-l-2.
DIacuaaiao of Mocpboloiical Cauractar
Tba morphological dascripcioa af tbs profUaa abowa that thara ara oaxtaln 
cxtuucU vkdeb have baaa uaad in dlffaraattating tbs Naiwa aarias from ibs 
Halawa aariaa. Tha aoUa af tba Natwa aarlaa bavo a color of lOR buo «- 
capt wfata large aaaounta af oxgadc maoer w ill chaaga it . Tba chroma 
variaa fn»a 2 to 5. B«o, also, o large amount of oxganic matter w ill give
a cbromo af aa lour as 1 or 2. Tba vatua variaa from 3 to 4 Md tola raoga
*•'
la vary aarrow. Tte ootor of the aoila of the Halawa M rtM  bM  a baa
* * ^
which la 2.SYR 5YR. Tba cbroma vaziM  from 3 to 3 aad toa valua ia 
aitbar 3 or 4.
Tba taxnure of tbo Nahra M riM  p n tfllM  la dtbar alky day or ailty clay 
U m i aad goto Hgtoar wtto depth. Thia gaaaral traod ia alao toUowad ia tba 
aoUa Of toa Halaam aarlM .
Tba atructura of tba Naiwa a ariM  p ro fllM . m  wail m  that of tba Halawa
-a. *  . ,  "■
aazioa proCUM, aro alwaya aubaagular end blodqr. Soma ara weak M d large;
95.
96.
ocMKUttoM whidk ficttitara dabydrattaa. ProfUa No. Ha-2-S to txcm a 
plaoa feat la aapoaad to tba daaalratlim aHact of tbo wlad aad la baro.
Tbia could accouat for tha blgb tltaatem cootaat la a part of tbia proflla. 
it waa alao oocieod ttaot la profUo Noo. Na-2-4 and Ha-2-5 tbaxo waa ao 
dlOazoDCo la tho O.T. A» pottoxao of tba oUt oad clay fracdooa aaoapc 
that la borlsoa Na-2-4 s  lair aaaouei of gibbelto waa prwaai. Tfaiaoould 
altbar SMaa poor ooporaHoa or that thara la aodlffaraaea batwoao tfaa 
mlaaralogy e i tbo two fracttooa.
Tha X -isy  pattoraa of proflla Nos. Na-2-4 aad Ha-2-5, tfm xt Croaa 
coaftnalni tba D .T. A* raaulta, abow that tbaxo la a coocbatratloa of 
quarts Is tba aanw bertaoa aa tfaero ia a coaoaatratloa of Iroo aad Htaabun. 
Tba poraat natarlal tn m  wfeleb tbaaa aotta bavo booa dorlvod bava Uctla 
or ao quarts. Tbia aaaoctattoo of aocoodary quartz with Uroo aad cltaniuoa
■% V
^ahowo titot all tbaaa BBtaarala would bavo mofvad la aolutloa.
V la eoBoparlag tba O .T.A. pattaraa of profUo Noo. Na-1-4 aad H«-l*2 
tba praaaaca of aaora kaoUa la profUa Ha-1-2 la aoaa. Tbia oould ataaa 
that pnflla Ha-i-2 la at a acago wbaxo tbaro ia aa lacraaaa of kaolin and 
atumiaa wNb ttaaa wtalla proflla Na*l*6 haa davolopad bayoad that a t ^  and 
ia looatiW kaolia aad aluaOaa. Thia wOl place profUa Na-i-4 aa battar 
dovalopadthaaHa-1-2. Tha fact tbtt la proflla Na-1-6 kaoUa doaa aot 
fhaago wuob with depth wbUa la proflla Ha-1 *2 tbara la a dacraaaa of kaolin
~Vi i ViViiii’tfi'f III'____________  - - ^
ochars art Ann aad anMl» Urraapactiy of wlwcter ctaajr ara Nalwa aarlaa 
or Kalawa aarlaa. Tha acUa of ctia Nahra aarlaa ara taaa addcy aad laaa 
pUatlc thaa thaaa af tha Haim aariaa.. TUa la aapadally traa la tha B 
borlaona. Tha praaaaoa of poroa aad tha ooouxroaoa of aaprolyta 1a tha. J .i ■
lowar hoKlxoaa la alao roaimna to bofo aariao.
Tha ottBibar aad aatay of tha arraagMnaot of borlsooa ara alao almllar 
la tba nro aarlaa. Tba A horlxoa haa a good Arm atraciura; foo B bariaoa 
baa a waak atructm aad la ftlafala. Aa lacwaaa la aaprolyta with dapth 
la aocad la tha C faorlaoa. /
Thla laavaa iia with the coachialon that tha aoila of tha Nalwa aorlaa
J f  .  I  ?
aad tha Halawa aarlaa oaa ha a^aratad oo tha baala of color, aad chat la 
tha Oily characcar that la oooalamatly dlltaraat. Tha raaga la tba dlffaraaea 
la color to omoll wlcfala tho oortoo oad groot betwooa tbo two oorloo.
Thto diftoroooo la color could ho olthor duo to oao or oil of foo moiqr 
ooil-fOra^ toccera. Tho eltmato could not cbtago oo much wlctato ouch 
aoBtollaroo. Tbo topography woo coraparohlo la tho oltoo that wore ootoccad 
tor tho otiady. If wo oro to lla tha ttoaa for tha davMopamat of thaaa proOlaa 
oa coaoporobla aad obaoot tha aama. thaa wa could coaciudo thm tha paraat 
auaortol from which tbaoo prolllaa have baoo dorlvad to dlffaraat. It could 
bo that tha aolla af foa Nalwa aorteo, which ara of a Ughar hua, haoa baan 
dartvod from aa andaoltic or baaaltlc aab aad dia taxturo of thla paraat 
nmmrtol allowod tho fonaattoa of bmmpo iroa oxkto rolnoralo that would Impart
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A Mgiwr huAtotte proflto. Howovar. tbla could not ba tnia bacauaa the 
Halmra aarlaa prallla Ha-3-8 baa a baa of 3.SYR to SYR but baa an FagPs 
cana wbtcb la bigbar than tbat af aoma Nalwn aarlaa profUaa. Tbla proflla 
Ha-3-8 alao haa a vary bl|gh TIOg coatant aad It la poaalbla that tha ascaaalva
y ■
amount of TlOg oould bavo lowarad tha hua from lOR to 3.5YR, but than 
tbotow buolnboilBonaof lawTIOgCCNddaotbooaplataad. bw oiddbo 
noooaaary to havo a battor koowlodgo of tho diatrltautlan of the two aortoo. 
tbair poaltlon on tbm bmdacapa. aod ago of toa aoUa la ord«r to aigpldn 
tola algalflcsant (ttffaranea to od or of too mombors of too two aortoa.
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1. Tbt chamicd aoudyaU akMMva dwi proflla Na-2-4 la Uia moat
i., ■ - 'L .
davakpad, H a-l-2 ia tha laaat davalopad, profllaa Ha-2-5 aad Na-1-5
t
falliag la batwaaa wHii Ha-2-5 battar davalopad tbaa Na-1-5.
2. Molokai aad Man! aolla of tha Naiwa aariaa ara battar davalopad 
thaa thoaa of tha HaUwa aariaa. Gonporiaoo of ataOlar proparHoa 
bacwooa tha two ialaada ahowa that tharo la a vary largo ovorlap ta
the raiee ef cheaaleel prepertlee. Bocauee of t ^  overlap aad heeooee 
oaly Urn prefUoa wore atudlad ia detail H la aot poaalblo to doOao the 
raaga ia proportlao that oheald ba allowed ia ooch oorka.
i. - “
2. Tha mmphoiogtcai daacrq>tiona dww that aoH cd o r  ia the 
■Mat commonly uaad charactor ia aaparartag thaaa aolla.
4 . Tharo are ao aunqr fhctora that coatribaia to tha rapid dovolap- 
maot af lhaoa aolla that a alaiplo daOaitloa of tha raaga ia propartlaa 
Dormiaaihle withia aadi aertea la aot ooaoihla*
5* Thaaa aoUo ahoald ha coooldorod aa a r a i^ y  chaagiag ooaaplar 
of od le oad ctaoy oheuid bo doaoiflad oa a aoll cotnplaa.
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la  X92i IM rturt ItM d tht lollowlag a l^  foanuaa of tbo aoll praOla 
to ba algnificaat for tba diffaranrtarioo of a aoll aarlaa.
1« Nmnberafharlaeae la a profile.
2. Color of varloaa hortaoaa with ipartal an^pbaala oa tbo aaxfaooy.- ■=? 4 • ./
oao or two borlsooa.
2. Toxlura of the borlaoaa.
4. Stnctttsa of tba horisoao.
ft. Ralattva arraagamaat of tbo hortaoaa.
6 . Chomtcal coaapoalttflB of tea bortaoaa.
P r -  - -
7. TbtdoMaa of tea hmixona.
t .  OooUgy o f tba aoU malarial.
Aooantteg to Maitiozt, a aoU claaaiOcatloa acbaiaa la daponrtont maUdy 
oa tba piuqpoaa Imr wblcb It la to ba uaad. Ttda la aMot Importaot wbaa deal* 
lag wtte tea lower carggotlaa of aoU claaalflcatloo.
la 1927 Martwdrt propoaad a taronoailo clamitncarton of otdla. la It teora 
la aa indlcadaa tbat ha plaaaa Impoctanea oa tfao tto g ttflA ctl poaltloo of 
wbaa ba dlecMaaaa rmatara'* aalla.
laopoxtaaea of both taxooomy aad goograpby la aoll claaaifleation waa
ahowa whoa Sbmr ^^propoaod a claailflcatloa of aoUa.
Taxaaomy waa awiphaairod la daallag witb tea lowar eatagoriaa aad tea
SoU Survey Meauel^ publltbed ta 1917 leye tmpomaoe m  thta wbee tt
describee sertas as **a group of adla bavtog gaaaflc herteoaa almtlar
\
aa to (ttllaroattating charactarlatlco aad arraagamaat ta tba pxofUa aad 
deyalopad from a particular type of paraat matadal.
Tbs Idas of a aoU family waa fUrat introduced to order to fill the gap 
batwaae soil aarlaa and great aoU groups. Siaca thaa varioua peopla 
have uaad it to maaa diffarsatly. Ooarey,^ ot. d .»  uaod tba wmrd faaaily 
to meaa eoUa devaiopad from similar parmtt matarlal but b a y ^  varioua 
types of proOla devaloiHBaHt dapaacttag ott dxataiga. Tbto oorrupoada
' ’''1' Xi ' ^
very deady  to Milae*a Cotana^  ^Coneapt.
Tba Soil Survey Maaual*  ^deacrlbea a a<d family aa a aubdlvtotoo af 
the gred  soil group depending oa a ooadauatlea of three or more of the 
fdloariag criiorla.
1. Kind aad aoquoBce of faoxtooaa wittato the maatmr butooas toot 
daflaa tha great soil groiqp.
S. RaUdivt dftgraa af bortoott dtffaraotiatioa.
t: '
3. Mtoaralogy of toaaolom.
4. Ralottvo otoo of oolum *• such aa diftoreiioa to thjcfcaaaa of
aolum aot aaaocitoa with dagrea af eivrasaion of maatar 
bortoaaa.
Tba moat raoeai daftelttea af a aott aeriaa to found to tha aeventb approal- 
motioa^*, Accordii« to tlda a aott aarlaa ia a cdtoctioa of soil todtvMuals
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eeeemlsUy uoUora In dtiCtoewoUadog chnmctarlntlca and la arraogainaBt 
of taorlaaoa.
ta tba daaalflcatloa ol dw aaila af tha Nabva feailty, tha ooooapt of 
a “aatt aariaa.** aa outliaad ta tha SoU Sarvay Manual, haa baaa Idkwad. 
Tba dhflalaa of tba giaai aeU group laiooat iota famlltaa baa baaa aiada 
oudaty oa tba boala af dagiaa of axpraaatoa af gaaatlc horiaoaa.
Sbannaa. at. al.* hava foiuid that la tfaa a<dla of tba Nahaa famUy:
1. PagOg aad T102 la tea A boarlxoa maka up tea graawr portlaa
of tea aaa eoaattmama aad la tea B bociaoa FagOg appaara to ba accumulat- 
i i«  aa a byAratad oxlda.
2. TIOg eooaaat locreaaaa ta tea A j borlxoa aa aott-waateartag 
advaaeaa.
I. Tba A| hoxlxoa baa a hlghar MOg aad AlgOg <maiaat.
a
Fqllamcoat. al«. 194B aoparatad tea mlaaral fraoloa of a farzugtaoua 
humlc latoaol pri^Ua aad eaam to tee coaduatca teat tfaa A^ boclxoa wtdi 
a eoaoeatrartoa af iroa and titanium mlaarala. haa baaa larmad by procaaaaa 
atear teoB tbaaa wbk^ davdopad tba friabla Ixoa xldi B bortxao. Ha pro- 
pooaa tbal tba titaalam eaJda oceorrad aa coliolkld TiCg or citaaie acid 
vhlte ami mova la aahataa aad ba pradpltawd.
Sharaiaa 1980^ baa alao poaialatad tee aama Mae. vU ., teat parcolat- 
iag watara from tea aoUa davalopad la vac araaa af blghar alavatloaa. 
movlag lacaralty over tea Inwarvioua mibooll t ^ c a  and accumulatlug on
ttoM rfaoadttztaidxy MMOM. Sbtnxun 1955 aayt that tba proamot 
of dtaahan aad iroa oalda coacantratioa la tha Mayar Laka araa of Molokai 
la eoacfataly avidaaoa of thalf awvoaiaai la a aolifola fnna.
Shanaaa. at. al.» 1949, hava fonad that ta tha aoUa of Humlc Forro* 
flaotto groot ooll groi^ la tha aarly atagaa hath kaotadta aad ahtailaa coa­
taata lacraaaa aad both docroaao with fturthar woatbaxlag. It waa alao 
ahowa that la thoaa aoila tha ooatant of Iroa Md tttaatam oxldoa la tho soil 
iBcroooo wtth igo, aad foot tho floal produoo of woatbarlag lo a ”lainrlto 
crttat.”
Tho obovo woBrtonort Utarotaro ohowo that iho goaoola of ooUo havo 
booa ofltptolaod oo a procooo of latarlaatloB.
Tho ooUo diocuoood olMw algao o f thlo prooooo o f loiarlaatton' oad tboir 
c looo lficotlOB could ho acicompilrtiod by roooynlalag tbo dtfloroat dogrooo
T
to wMeh thooo proOloo havo uadaxgoaa laaarteatton.
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